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PREFACE. 


This  work  has  been  prepared  with  special  reference  to 
the  wants  of  students  in  Academies,  Seminaries,  and  Col- 
leges, aiming  to  furnish  just  that  information  which  will 
prove  most  useful  and  practical  in  their  future  employ- 
ments and  relations  of  life. 

The  great  general  principles  of  Chemistry,  and  the 
more  important  of  the  elements  and  their  compounds,  have 
been  accordingly  very  fully  discussed  ;  while,  on  the  other 
hand,  the  custom  adopted  in  many  text-books  of  enumer- 
ating and  describing  compounds  which  have  no  practical 
value  and  little  scientific  interest,  has  been  disregarded. 

To  enable  the  student  to  understand  more  clearly  the 
relations  which  Chemistry  sustains  to  the  industrial  ope- 
rations of  the  age,  and  to  the  past  and  present  progress 
of  civilization^  greater  attention  has  been  given  to  the  his- 
tory of  the  science  than  has  heretofore  been  customary  in 
elementary  text-books. 

Special  care  has  also  been  taken  to  present  the  very  latest 
results  of  scientific  discovery  and  research,  in  this  country 
and  Europe,  and  to  take  advantage  of  the  most  approved 
methods  of  experimentation  and  instruction. 

An  unusually  large  number  of  illustrations  has  been 
introduced,  with  the  double  purpose  of  rendering  the 
study  of  the  science  more  intelligible  and  attractive  to 
the  pupil,  and  of  facilitating  the  instructions  of  teachers, 
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especially  of  those  not  enjoying  the  advantage  of  large  ap- 
paratus. , 

In  respect  to  originality  the  author  makes  little  pre- 
tension beyond  the  arrangement  and  classification  of  sub- 
jects, Bind  the  selection  of  illustrations.  Among  the 
authorities  to  which  he  is  especially  indebted  he  would 
mention  Faraday,  Prof.  Miller,  of  King's  College,  Lon- 
don, Graham,  Begnault,  and  Hates. 


New*  Yobs,  May,  1858. 
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PRINCIPLES  0-F  CHEMISTRY. 


INTRODUCTION. 


1.  Hatter  is  the  general  name  which  has  been  given 
to  that  substance  which,  under  an  infinite  variety  of 
forms,  affects  our  senses.  We  apply  the  term  matter  to 
every  thing  that  occupies  space,  or  that  has  length, 
breadth,  and  thickness. 

The  forms  and  combinations  of  matter  seen  in  the  animal,  vegetable,  and 
mineral  kingdoms  of  nature,  are  numberless,  jet  they  are  all  composed  of  a 
very  few  ample  substances  or  elements. 

2.  Simple  Substances. — By  a  simple  substance,  or  ele- 
ment, we  mean  one  which  has  never  been  derived  from, 
or  separated  into,  any  other  kind  of  matter. 

Sulphur,  gold,  silver,  iron,  oxygen,  and  hydrogen,  are 
examples  of  simple  substances  or  elements ;  and  are  so 
considered  because  we  are  unable  to  decompose  them, 
convert  them  into,  or  create  them  from,  other  bodies. 

No  known  force  has  yet  extracted  any  thing  from  sulphur  but  sulph'jr,  or 
from  gold  but  gold ;  but  if  by  any  method  these  substances  could  be  broken 
up  into  two  or  more  &ctors,  or  component  parts,  they  would  cease  to  be  re- 
garded as  elementary. 

The  number  of  the  elements,  or  simple  substances,  with 
which  we  are  at  present  acquainted,  is  sixty-two. 

These  substances  are  not  all  equally  distributed  over 
the  surface  of  the  earth  :  many  of  them  are  exceedingly 
rare,  and  known  only  to  chemists.  Of  the  whole  number, 
from  ten  to  fifteen  only  are  concerned  in  the  formation  of 


QuBsnoNB.— What  is  matter  f   Whit  is  a  simple  substanee,  or  element  ?    What  is  the 
number  of  the  elements?    How  are  the  elements  distribatedf 
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the  great  bulk  of  all  the  familiar  objects'we  see  around 
us. 

The  atmosphere  is  made  up  of  two— oxygen  and  nitrogen — with,  compar- 
atively speaking,  mere  traces  of  carbon  and  hydrogen :  two  of  these,  again — 
oxygen  and  hydrogen — give  rise  to  water,  a  substance  covering  three  fourths 
of  the  surface  of  our  planet ;  while  the  great  rock  masses  of  the  earth,  are 
mainly  compounds  of  eight  simple  substances,  viz.,  oxygen,  silicon,  alumin- 
ium, calcium,  potassium,  sodium,  chlorine,  and  iron.  In  the  composition 
also  of  animal  or  vegetable  structures,  the  same,  or  a  still  greater  simplicity 
is  observed. 

3.  Compound  Bodies. — A  Compound  Body  is  one  that 
can  be  separated  into  two  or  more  elements^  or  simple 
substances. 

4.  Atoms. — All  matier  is  supposed  to  be  composed  of 
exceedingly  minute  particles,  which  can  not  be  subdi- 
vided, t)r  separated  into  parts.  Such  ultimate  particles 
are  termed  Atoms. 

No  one  has  ever  seen  an  atom ;  no  one  has  ever  been  able  to  recognize 
through  the  agency  of  the  senses  a  portion  of  matter  so  small  that  it  could 
not  in  some  way  be  made  smaller ;  yet  the  evidence  on  this  subject,  derived 
mainly  from  modem  investigations  in  chemistry,  is  of  such  a  character  that 
there  can  be  no  reasonable  doubt  that  all  matter  is  ultimately  composed  of 
indivisible  parts,  or  atoms.  The  nature  of  this  evidence  will  be  mentioned 
hereafter. 

Simple,  or  elementary  bodies,  have  simple  atoms,  and 
compound  bodies  compound  atoms.  The  atoms  of  each 
substance  undoubtedly  differ  in  weight,  and  may  possibly 
differ  in  size  and  form. 

More-culcs. — We  use  the  term  Molecule,  or  Particle 
of  matter,  to  designate  very  small  quantities  of  a  substance, 
not  meaning,  however,  the  ultimate  atoms.  A  molecule, 
or  particle  of  matter,  may  be  supposed  to  be  formed  of 
several  atoms  united  together. 

The  extent  to  which  matter  can  be  divided,  and  perceived  by  the  senses,  is 
most  wonderfiil.  A  grain  of  musk  will  fill  the  air  of  a  room  for  years  with 
fragrant  particles,  without  suffering  any  considerable  loss  of  weight  In  the 
manufacture  of  gUt  wire,  used  for  embroidery,  the  amount  of  gold  employed 
to  cover  a  foot  of  wire  does  not  exceed  the  720,000th  part  of  an  ounce. 


QUE8TI0NB.— What  is  a  Compound  Body?  What  is  sapposed  tabe  Che  altlmate  con- 
stitution of  matter  f  What  are  atoms  t  What  ia  a  molocolo  f  Illustrate  tho  diyisibaity 
of  mattttr. 
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The  manu&ctorers  know  Chis  to  be  a  &cty  and  regulate  the  price  of  tiieir  wire 
accordingly.  But  if  the  gold  which  covers  one  foot  is  the  720,000th  part  of 
an  ounce,  the  gold  on  an  inch  of  the  same  wire  will  be  only  the  8,640,000th 
part  of  an  ounce.  We  may  divide  tliis  inch  into  one  hundred  pieces,  and  yet  see 
each  piece  distinctly  without  the  aid  of  a  microscope :  in  other  words,  we  see 
the  864,000,000th  part  of  an  ounce.  If  we  now  use  a  microscope,  magnifying 
five  hundred  times,  we  may  clearly  distinguish  the  432,000,000,000th  part  of 
an  ounce  of  gold,  each  of  which  parts  will  be  found  to  have  all  the  characters 
and  qualities  which  are  found  in  the  largest  masses  of  gold. 

Some  years  since,  a  distinguished  English  chemist  made  a  series  of  experi- 
ments to  determine  how  small  a  quantity  of  matter  could  be  rendered  vis- 
ible  to  the  eye,  and  by  selecting  a  peculiar  chemical  compound,  small  portions 
of  which  were  easily  discernible,  he  came  to  the  conclusion  that  he  could  dis- 
tinctly see  the  billionth  part  of  a  grain.  This  quantity  may  be  represented  in 
figures  thus,  1,000,000,000,000,  but  the  mind  can  form  no  rational  conception 
of  it. 

5.  Porosity. — No  two  atoms  of  matter  are  supposed  to 
touch,  or  be  iu  actual  contact  with  each  other^  and  tho 
openings  or  spaces  which  exist  between  them  are  called 
PoBES.  This  property  of  bodies/according  to  which  their 
atoms  are  thus  separated  by  vacant  places^  is  called  Po- 

BOSITY. 

The  reasons  for  believing  that  the  atoms  or  particles  of 
matter  do  not  actually  touch  each  other,  are,  that  every 
form  of  matter,  so  far  as  we  are  acquainted  with  it,  can,  by 
pressure,  be  made  to  occupy  a  smaller  space  than  it  origin- 
ally filled.  Therefore,  as  no  two  particles  of  matter  can 
occupy  the  same  space  at  the  same  time,  the  space,  by 
which  the  size  or  volume  of  a  body  may  be  diminished  by 
pressure,  must,  before  such  diminution  took  place,  have 
been  filled  with  openings,  or  pores.  Again,  all  bodies  ex- 
pand or  contract  under  the  influence  of  heat  and  cold. 
Now,  if  the  atoms  were  in  absolute  contact  with  each 
other,  no  such  movements  could  take  place. 

The  porosity  of  liquids  may  be  proved  by  miziug  togetiher  equfil  measures 
of  strong  alcohol  and  water ;  when  the  resulting  compound  will  be  found  to  oc- 
cupy considerably  less  space  t^n  its  two  constituents  did  separately : — ^in  other 
words,  a  gallon  of  each  liquid  mixed  will  not  form  two  gallons  of  compound. 

6.  Inertia.— Matter  of  itself  has  no  power  to  change  its 

QuiSTiONa.— What  -are  pores  ?  Are  the  particles  of  matter  in  absolnte  contact  ?  How 
may  the  porodty  of  liquids  be  shown  ?  Has  matter  any  power  in  itself  to  change  its  con- 
dition f 
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state,  or  form.  If  a  body  is  at  rest,  it  can  not  of  itself 
commence  moving ;  and  if  a  body  be  in  motion,  it  can 
not  of  itself  stop,  or  come  to  rest.  Motion,  or  cessation 
of  motion  in  a  body,  or  any  other  change  of  its  condition, 
requires  a  power  to  exist  independent  of  itself. 

As  the  cause  of  all  the  changes  observed  to  take  place 
in  the  material  world,  we  admit  the  existence  of  certain 
forces,  or  agents,  which  govern  and  control  all  matter. 

7.  Force  is  whatever  produces  or  opposes  motion  or 
changie  in  matter. 

Canses  of  Cha;ige. — All  the  changes  which  we  observe  to 
take  place  in  matter  may  be  referred  to  the  following  causes, 
or  forces :  —The  Attraction  of  Gravitation,  Molecu- 
lar Forces — or  forces  acting  only  between  molecules,  or 
particles  of  matter  at  insensible  distances — Forces  devel- 
oped through  the  agencies  of  Light  and  Heat,  the  At- 
tractive and  Repulsive  Forces  of  Electricity  and 
Magnetism— and  finally,  a  force  or  power  which  exists  only 
in  living  animals  and  plants,  which  is  called  Vital  Force. 

Concerning  the  real  nature  of  these  forces,  we  are  entirely  ignorant.  We 
suppose,  or  say,  they  exist,  because  we  see  their  effects  upon  matter.  In  the 
present  state  of  science,  it  is  impossible  to  know  whether  they  are  merely 
properties  of  matter,  or  whether  they  are  forms  of  matter  itself  existing  in 
an  exceedingly  minute,  subtile  condition,  without  weight,  and  diffused 
throughout  the  whole  universe.  The  general  opinion,  however,  among  scien- 
tific men,  at  the  present  day,  is,  that  these  forces,  or  agents,  are  not  matter, 
but  properties,  or  qualities,  of  matter. 

8.  Gravitation,— The  Force  of  Gravitation,  or  the  At- 
traction of  Gravitation,  is  the  name  applied  to  that  force  by 
which  all  the  bodies  in  the  universe  at  sensible  distances 
attract  and  tend  to  approach  each  other.  Gravitation  dif- 
fers from  .all  other  forces  in  the  fact  that  its  influence  is 
universal ;  that  it  acts  at  all  times,  upon  all  matter,  and 
at  all  distances. 

The  force  of  gravitation  belongs  equally  to  the  smallest  atom  and  to  the 
largest  world,  producing  those  attractions  which  bind  masses  of  matter  to- 

QuUTioivs. — ^What  occaaioiif  change  in  matter  ?  What  is  force  ?  Ennmerate  the  great 
forces  of  nature.  What  do  we  know  concerning  these  forces  ?  What  is  gravitation  f  Is 
the  force  of  gravltaUon  universal  ? 
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gether,  and  restrict  the  motions  of  the  planets  to  legular  orbita    It  is  the 
force  which  draws  a  small  body,  free  to  move,  toward  a  larger. 

Terrestrial  Gravitation  is  that  force  by  which  all  bodies 
upon  the  earth  are  attracted  toward  its  center. 

The  measure  of  this  force,  or  the  strength  with  which 
a  body  upon  the  earth  is  attracted  toward  its  center,  is 
called  Weight. 

The  attractive  force  which  the  earth  exerts  upon  a  body  is  proportioned  to  ' 
its  mass,  or  to  the  quantity  of  matter  contained  in  it,  and  as  weight  is  merely 
the  measure  of  such  attraction,  it  follows  that  a  body  of  a  large  mass  will  be 
attracted  strongly,  and  possess  great  weight,  while,  on  the  contrary,  a  body 
made  up  of  a  small  quantity  of  matter,  will  be  attracted  in  a  less  deg^ree^  and 
possess  less  weight  We  recognize  this  difference  of  attiaction  by  calling 
the  one  body  heavy  and  the  other  light 

9.  Tarietie*  of  Force.  —  Mo-lec'ular,  or,  as  they  are 
sometimes  called,  Internal  Forces,  are  distinguished  from 
all  the  other  Forces  which  act  upon  matter,  in  this  respect 
— that  they  act  upon  particles  or  molecules  of  matter  at 
immeasurably  small  distances  only. 

The  forces  developed  through  the  agencies  of  heat, 
light,  electricity,  and  magnetism,  are  diverse  in  their  na- 
ture, and  affect  different  forms  of  matter  differently.  They 
differ  from  the  force  of  gravitation  inasmuch  as  their  in- 
fluence does  not  appear  to  be  universal  or  constant,  and 
is  apparently  limited  by  distance.  They  differ,  especially, 
from  molecular  forces,  inasmuch  as  their  influence  upon 
matter  is  exerted  at  sensible  distances. 

It  is  not  at  all  certain  that  the  forces  which  act  upon  matter,  as  above  enu- 
merated, are  all  separate  and  independent  Their  connection  with  each  other 
is  most  intimate,  and  there  is  reason  for  believing  that  some  of  them  are  only 
different  manifestations  of  the  same  agent,  or  principle. 

10.  Holeenlar  Forces. — Under  the  designation  of  molec- 
ular forces  are  especially  included  four  different  manifes- 
tations of  force,  or,  as  they  are  usually  called,  varieties  of 


Qurariows.— What  is  Terrestrlil  Gravitation  ?  What  is  Weight  ?  What  are  the  pecn- 
liarities  of  molecular  forces?  What  are  the  pecnliarities  of  the  forces  developed  hy  the 
agencies  of  light,  heat,  electricity,  and  maimetismf  Is  it  certain  that  the  forces  enu* 
merated  are  all  independent  prindplea  ?  What  are  indaded  ander  the  head  of  mole- 
cular foroea  f 
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attraction.    These  are  Cohesion,  Adhesion,  Cap'illary 
Attraction,  and  Affinity. 

Although  essentially  difTering  from  each  other,  these  forces  all  agree  in  one 
remarkable  particular — and  that  is,  their  influence  upon  matter  is  exerted 
only  at  distances  which  are  immeasurable,  or  insensible.  If  the  particles  of 
a  body  are  separated  from  each  other  to  the  slightest  appreciable  degree,  the 
influence  of  these  attractive  forces  is  instantly  neutralized  or  destroyed. 

11.  Cohesion,  or  Cohesive  Attraction,  is  that  force 
which  binds  together  atoms  of  the  same  kind  of  matter 
to  form  one  uniform  mass. 

The  force  which  holds  together  the  atoms  of  a  mass  of  iron,  wood,  or  stone, 
is  cohesion,  and  the  atoms  are  said  to  cohere  to  each  other. 

The  effort  required  to  break  a  substance  is  a  measure 
of  the  intensity  or  strength  of  the  cohesive  force  exerted 
by  its  particles. 

When  the  Attraction  of  Cohesion  between  the  particles 
of  a  substance  is  once  destroyed,  it  is  generally  impossible 
to  restore  it.  IJaving  once  reduced  a  mass  of  wood  or  stone 
to  powder,  we  can  not  make  the  minute  particles  cohere 
again  by  merely  pushing  them  into  their  former  position. 

In  some  instances,  however,  this  may  be  accomplished  by  resorting  to  ya> 
rious  expedients.  Iron  may  be  made  to  cohere  to  iron  by  heating  the  metal 
to  a  high  degree,  and  hammering  the  two  pieces  together.  The  particles 
are  thus  driven  into  such  intimate  contact^  that  they  cohere  and  form  ono 
nniform  mass.  This  property  is  called  Welding,  and  belongs  only  to  two 
metals,  iron  and  platinum. 

12.  Adhesion,  or  Adhesive  Attraction,  is  that  force 
which  causes  unlike  particles  of  matter  to  adhere,  or  re- 
main attached  to  each  other  when  united. 

Dust  floating  in  the  air  sticks  to  the  wall  or  ceiling,  through  the  force  of 
adhesion.  When  we  write  on  a  wall  with  a  piece  of  chalk,  or  charcoal,  the 
particles,  worn  off  from  the  material,  stick  to  the  wall  and  leave  a  mark, 
through  the  force  of  adhesion.  *  Two  pieces  of  wood  may  be  fiistened  to- 
gether by  means  of  glue,  in  consequence  of  the  adhesive  attraction  between 
the  particles  of  the  wood  and  the  particles  of  glue. 

13.  Cap'illary  Attraction  is  that  variety  of  molecular 
force  which  manifests  itself  between  the  surfaces  of  solids 
and  liquids. 


QuBsnowB.— What  is  cohesion?    What  is  a  racasare  of  the  force  of  cohesion  7    Whal 
ifl  welding?   What  is  adhesion  7   Give  examples  of  adhesion.    WhatiscapUhiryattraettoar 


INTBODDCTIOH.  15 


The  ordmary  defloitioii  of  Cap'illar;  AttracUiHi  is,  thst  fono  o 
wbiuli  causi^  liquida  lo  aacead  above  tbelr  level  in  capillary  tubee.  Tills,  bow- 
evttr,  Li  uut  BtiictI;  correct,  as  tbis  fbR¥  not  only  causis  aa  elcvBtlon,  but  aim 
a  depreailon  of  liquids  iu  tubes,  and  -.s  at  work  wbcrever  fluids  aru  in  contact 
with  solid  bodi33. 

Tho  name  "Capillary  Attraclioii"  originated  rrom  the  cir-        p,^,  | 
comstanno  that  this  clara  of  pbcnomcna  woa  first  obacrved  in 
saialt  gli^  tuboa,  the  bore  of  which  was  not  tliioker  than  a 
Lair,  aad  which  were  hence  called  Capillary  Tuibet,  from  the 
Latin  word  capStvs,  which  signiSes  a  hair. 

The  simplest  method  of  exhibiting  capillaiy  sitraction  is  b 
immclse  the  end  of  a  piece  of  thennomcler  tube  in  waler  (soi 
Fig.  I)  which  has  bten  tinted  with  ink.  The  liquid  will  bo 
Bccn  to  aacend,  and  will  remain  elevated  in  the  tutio  nt  n  con- 
udorablo  height  above  the  surface  of  the  liquid  in  the  vcsxeL 

The  height  to  which  water  will  rise  in  ca- 
pillary tubes  18  ia  proportion  to  the  Ktnalluess  | 
of  their  diametets. 


Fi8.  2. 


Tills  is  clearly  shown  by  the 
fallowing  ample  experiment  If 
two  platea  of  glass,  A.  and  S, 
Fig.  3,  be  plunged  into  water 
at  their  lower  extremities,  with 
their  thcos  vertical  and  porallol, 
and  at  a  certdn  dlshinco  asun- 
der, the  ^ater  will  rise  at  the 
points  m  and  n,  where  It  ia  in 
contact  with  Oio  glass;  but  at 
bU  intermediate  pdnts,  beyond  a  small  distance  IVom  tho  plates,  tlio  general 
_  level  of  the  suriacea  E,  C,  aud  D,  will  corre- 

If  the  two  plates,  A  and  D,  are  brought  near 

to  each  other,  as  in  Fig.  3,  tho  two  cunea,  m 

^  and  n,  will  unite,  bo  aa  to  fonn  a  concave  sur- 

i  face,  and  the  water  at  the  same  time  between 

them  will  be  raised  ftbove  the  general  level,  B 

"•    and  D,   of  the  water  in  the  vessel     If  the 

plates  bo  brought  si  ill  nearer  together,  as  in 

Fig.  4,  the  water  between  Ihem  will  rise  still  higher,  the  force  which  sustains 

tho  column  beiuK  increased  as  the  distance  between  the  plates  is  diminished. 

IllustnUionB  <rf  capillary- attraction  are  most  familiar  iu  tho  experience  oT 

overy-day  life.     The  wick  of  a  lamp,  or  can  Jlo,  liits  the  oil,  or  molted  greaae 
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pi,„  1  which  BnpplisB  tlio  Came   from  a  sorlaco 

often  tno  or  three  incbca  below  the  point 
of  combnatioD. 

Wben  one  end  of  a  sponge,  or  a  lump  of 
sugar  ia  brought  into  contact  with  water, 
I  the  liquid,  b7  capillary  attraction,  will  rine, 
'-  or  Boak  up  abore  its  lavel,  into  tJie  interior 

^_^^^^    of  the  sponge,  or  sugar,  until  all  its  porea 

'- ^""    arafllled. 

•  14.  Affinity  Ib  that  variety  of  molec'ular  force  or  attrac- 
tion which  unites  atoms  of  uolike  substances  into  com- 
pounds possessing  new  and  distinct  properties. 

Oxygen,  for  example,  uoites  with  iron,  and  forma  oxyd  of  iron,  or  iroD- 
TUSt,  a  substance  possessing  difTeient  and  distinct  properties  from  eitlier  iron 
or  oxgyen.  In  Kke  manner,  oxygen  and  hydrogen,  two  gases  not  to  bo  dis- 
tii^uiahed  in  appearance  from  common  air,  unite  to  form  water,  a  liquid. 

When  the  particlee  of  different  BUbBtances  are  united  together  by  tho  force 
of  afSnl^,  the  compound  Ibcmcd  poFaesses  properties  entirely  different  from 
that  of  its  constituents,  and  in  no  rcspoct  reaorables  a  mixture,  which  is 
merely  a  mechanical  union  of  bodies — aa  when  salt  ia  mixed  with  sand.  The 
forces  c^  adhesion  or  capillary  attraction  may  closely  unite  unliko  partictca  of 
matter  tf^ether,  but  thoy  do  not  effect  any  change  in  the  nature  or  properties 
of  the  particles  acted  upon.  Affinity,  on  the  contrary,  entirely  changes  tho 
propertjes  of  the  unliko  particles  which  it  unites,  and  by  ho  doing  produces 
combinations  which  possess  entirely  diSbreut  qualities. 

The  action  oTgravi^  and  of  tlie  sereral  molecular  forces  may  be  illustrated 
by  referring  to  a  particular  form  of  matter,  as,  for  example,  water.  The  force 
of  affinity  binds  together  the  atoms  of  the  elements,  oxygon  and  liydn^en,  to 
constitute  on  atom,  or  molecule  of  water ;  cohesion  unites  tho  particles  of 
water  thus  formed  into  drops,  or  larger  masses;  adhesion  cauaea  the  union  of 
water  with  the  Burfacoa  of  different  subatancosi  thereby  producing  the  pheno- 
menon wlileh  we'call  -'wetling;"  capillary  attracOon  causes  water  to  rise 
above  its  level,  or  "  aoak  up"  as  it  is  termed,  in  a  sponge,  or  other  porous 
Bubatance ;  while  the  force  of  gravity  cauBca  coherent  quantities  of  water  to 
fell  as  rain,  or  to  move  down  inclined  aurihces  in  the  form  of  ri  vera,  brooks,  etc 
15.  Kepulsion. — In  opposition  to  the  several  attractive 
forces  which  act  upon  matter,  a  repulsive  force  also  ex- 
ists, the  tendency  of  which  ia  to  separate  the  particles  of 
matter  from  one  another. 
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The  resistance  experienced  in  attempting  to  compress  a  sabstanoe  is  the 
result  of  the  opposition  of  the  repulsive  force  which  pervades  its  partidea 
and  the  effort  required  to  effect  a  compression  is  a  measure  of  the  intensity 
of  the  repulsive  force. 

A  d^w-drop  resting  upon  a  leaf  is  not  in  actual  contact  with  its  sur&oe^ 
but  is  sustained  at  a  httle  distance  above  it  by  the  force  of  repulsioa  In- 
genious experimentation  has  proved  that  when  two  glasses,  one  sUghtly  con- 
vex and  the  other  flat,  are  placed  upon  each  othef,  and  pressed  together  with 
a  force  of  1,000  pounds  to  the  square  inch,  they  still  remain  at  a  distance 
from  each  other  of  the  thickness  of  the  top  of  a  soap-bubble  before  it  burstS| 
or  at  least  l-4450th  of  an  inch.  If  we  compress  a  certain  quantity  of  gas,  as 
common  air,  and  then  allow  it  to  dilate,  by  removing  all  restraint,  it  will  ex- 
pand without  limit,  and  fill  every  really  empty  space  which  is  open  to  it 
This  takes  place  through  the  agency  of  an  internal  repulsive  force,  which 
tends  to  drive  the  particles  from  one  another. 

It  is  not  definitely  known  whether  the  repulsive  force,  which  appears  to 
influence,  under  certain  circumstances,  the  particles  of  all  matter,  is  a  separate 
and  independent  principle,  or  whether  it  is  the  result  of  the  action  of  heat  or 
of  electricity,  or  of  both  these  forces  combined.  Heat,  in  its  influence  upon 
matter,  always  acts  as  a  repulsive  force,  and  is  always  opposed  to  the  influ- 
encQ  of  cohesion. 

16.  Elasticity. — That  property  of  bodies  known  as  Elas- 
ticity is  the  result  of  the  joint  action  of  the  repulsive  and 
attractive  forces ;  and  substances  are  said  to  be  more  or 
less  elastic,  according  to  the  facility  with  which  they  re- 
gain their  original  form  and  dimension  after  the  force 
which  has  compressed  or  extended  them  is  removed. 

17.  Three  Forms  of  Matter.— According  as  the  attractive 
or  repulsive,  forces  prevail,  all  bodies  will  assume  one  of 
three  forms  or  conditions— ^the  solid,  the  liquid,  or  the 
a'er-i-form,*  or  gaseous  condition. 

18.  Solids. — A  solid  body  is  one  in  which  the  particles 
are  so  strongly  held  together  by  the  attractive  force  of 
cohesion,  that  the  body  maintains  its  form  or  figure  under 
all  ordinary  circumstances. 

If  the  force  of  cohesion  acted  exclusively  upon  matter,  every  substance 
would  possess  insuperable  solidity,  hardness,  and  tenacity. 


*  A'er-i-fonn,  having  the  form,  or  resemblance,  of  air. 


QumnoKs. — ^What  evidence  is  there  of  the  existence  of  a  repulsive  force?  What  is 
elasticity?  What  are  illastrations  of  the  influence  of  a  repulidve  force  ?  Under  what 
three  forms  or  conditions  does  matter  exist  ?    What  is  a  solid  body  ? 
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19.  Liquids. — A  liquid  body  is  one  in  which  the  particles 
of  matter  are  held  together  so  slightly  by  the  force  of  co- 
hesion that  they  move  upon  each  other  with  the  greatest 
facility. 

Hence  a  liquid  can  never  be  made  to  assume  any  particular  form  except 
that  of  the  vessel  in  which  it  is  inclosed. 

20.  Gaseous  Bodies. — An  a 'er-i-form  or  gaseous  body  is 
one  in  which  the  particles  of  matter  are  not  held  together  by 
any  force  of  cohesive  attraction,  and  but  for  the  restrain- 
ing influence  of  the  force  of  gravity  would  entirely  sepa- 
rate and  move  off  from  one  another. 

A  gaseous  body  is  generally  invisible,  and,  like  the  air  surrounding  us, 
aSbrds  to  the  sense  of  touch  no  evidence  of  its  existence  when  in  a  state  of 
complete  repose.  Gaseous  bodies  may  be  confined  in  vessels,  whence  they 
exclude  liquids,  or  other  bodies,  thus  demonstrating  their  existence,  though 
invisible,  and  also  their  impenetrability. 

21.  Change  of  Condition . — Most  substances  can  be  made  to  assume 
successively  the  form  of  a  solid,  a  liquid,  or  a  gas.  In  solids,  the  attractive 
force  is  the  strongest ;  the  particles  keep  their  places,  and  the  solid  retaifl^  its 
form.  But  if  we  heat  a^lid  body,  as  for  example  a  piece  of  ice,  or  sulphur,  we 
weaken  the  force  of  cohesion  which  binds  the  particles  together,  and  allow 
the  repulsive  force  to  prevail;  the  particles  of  the  solid  thereby  become  mov- 
able upon  themselves,  and  we  say  the  body  melts,  or  be<^me8  liquid.  In 
liquids  the  attractive  and  repulsive  forces  are  nearly  balanced,  but  if  we  sup- 
■piQ^  5^  ply  an  additional  quantity  of  heat,  we  de- 

stroy the  attractive  force  altogether,  and 
increase  the  repulsive  force  to  such  an  ex- 
tent that  the  liquid  assumes  the  form  of  a 
gas,  gr  vapor,  in  which  the  separate  par- 
ticles tend  to  fly  off  from  each  other.  By 
reversing  the  process,  or,  in  other  words, 
by  withdrawing  the  heat,  we  can  diminish 
or  destroy  the  repulsive  force,  and  cause 
the  attractive  force  again  to  predominate— 
the  body  returning  to  its  former  conditions^ 
first  of  a  liquid,  then  of  a  solid. 

The  power  of  the  repulsive  force  gen- 
erated by  heat  is  strikingly  illustrated  in 
the  conversion  of  water  into  steam.  In  a  cubic  inch  of  water  converted  into 
steam,  the  particles  will  repel  each  other  to  such  an  extent,  that  the  space 

QuE8noiTB.--*Wlittti8aliqald?  W1)atisana'er.l-forni,or  guseonabodyf  Underwliat 
.circumstances. will  a  body  assume  the  form  of  a  solid,  a  liquid,  or  a  gaa?  What  experi- 
ment illustrates  the  repuldve  power  of  heat. 
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t>ccupied  by  the  steam  will  be  1*700  times  greater  than  that  occupied  by  the 
water.  Fig.  5  illustrates  the  comparative  difference  between  the  bulk  of  steam 
and  the  bulk  of  water. 

22.  Ethereal  Condition . — ^Recent  investigations  in  science  have ren* 
dered  it  probable,  that  matter,  in  addition  to  the  three  separate  states  or  con- 
sistencies in  which  it  is  ordinarily  presented  to  us — solid,  liquid,  and  gaseous — 
exists  also  in  a  fourth  state,  which  is  called  the  ethereal.  It  is  supposed  that 
an  space — ^that  existing  between  the  planets  and  other  heavenly  bodies, 
equally  with  that  existing  between  the  atoms,  or  molecules  of  every  sub- 
stance, even  the  most  dense — la  pervaded  by  an  extremely  rare,  imponder- 
able^ and  highly  elastic  medium,  or  fluid  form  of  matter,  termed  Ether. 
This  substance,  like  air,  is  believed  to  be  capable  of  motion,  and  of  receiviog 
and  transmitting  vibrations,  which  vibrations  by  their  action  on  the  ordinary 
forms  of  matter,  are  supposed  to  produce  .the  phenomena  of  heat,  light,  eleo- 
tridty,  etc,  in  the  same  manner  as  the  vibrations  of  air  occasioned  by  a 
sounding  body  produce  the  phenomena  of  sound. 

23.  Hatter  Indestructible. — All  the  researches  and  in- 
vestigations of  science  teach  us  that  it  is  impossible  by  nat* 
ural  operations,  to  either  create  or  destroy  a  single  particle 
of  matter.  The  power  to  create  and  destroy  matter  belongs 
to  the  Deity  alone.  The  quantity  of  matter  which  exists, 
in  and  upon  the  earth  has  never  been  diminished  by  the 
annihilation  of  a  single  atom. 

•  When  a  body  is^nsumed  by  fire,  there  is  no  destruction  of  matter :  it  has 
only  changed  its  form  and  position.  When  an  animal  or  vegetable  dies  and 
decays,  the  original  form  vanishes,  bnt  the  particles  of  matter,  of  which  it  was 
once  composed,  have  merely  passed  off  to  form  new  bodies  and  enter  into  new 
combinations. 

24.  Force  Indestrnetible.  —  Eecent  investigations  in 
iscience  seem  to  prove  that  force  is  equally  as  indestructible 
as  matter  ;  or,  in  other  words,  that  there  is  no  such  thing 
as  a  destruction  of  force  ;  consequently  the  amount  of  force 
in  operation  in  the  earth,  and  possibly  throughout  the 
universe,  never  varies  in  quantity,  but  remains  always  the 
same. 

Some  of  the  reasons  which  have  led  to  a  belief  in  the  indestructibility  of 
force  may  be  stated  as  follows : — 

The  only  mode  in  which  we  can  judge  of  the  existence  of  a  force  is  from 
the  effects  it  produces,  and  of  these  effects,  that  which  is  the  most  evident  to 

Questions. — ^What  is  the  sapposed  ethereal  condition  of  matter,  or  what  are  the  peenll- 
aritiesof  matter  io  this  condition?  Is  matter  indestructihle ?  Is  force  indestractihle? 
What  reasons  induce  us  to  believe  that  a  foro3  can  not  be  destroyed  f 
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our  senses  is  the  power  either  of  produdng  motioiii  of  arresting  it,  or  of  alter- 
ing its  direction:  whatever  is  capable  of  effecting  these  results  is  considered 
as  a  form  of  force.  Motion,  therefore,  may  be  considered  as  the  indicator  of 
force,  and  wherever  we  perceive  motion,  we  may  be  certain  that  some  force  is 
operating.  Now  it  will  be  found,  that  in  all  cases  in  which  work  is  performed 
— or,  to  state  it  in  other  words,  in  all  cases  in  which  force  is  exerted  and  ap- 
parently made  to  disappear — ^that  it  has  expended  itself  either  in  setting  into 
action  some  other  force,  or  else  it  has  produced  a  definite  and  certain  amount 
of  motion.  This  motion  when  used  will  again  give  rise  to  an  equal  amount 
of  the  force  which  originally  produced  it.  For  example,  we  bum  coal  in  the 
air;  the  force  of  affinity  causes  the  particles  of  coal  to  unite  with  the  oxygen 
of  the  air ;  the  coal  changes  its  form,  and  a  quantity  of  heat  remains,  which 
heat  represents  the  chemical  force  expended.  The  heat  thus  developed  is  now 
ready  to  do  work :  it  may  be  emploved  in  converting  water  into  steam,  and 
the  steam  so  obtained  can,  through  the  medium  of  machinery,  be  implied  to 
the  production  of  motion.  Motion  may  again  be  made  to  produce  heat — as 
through  friction,  for  example — ^and  recent  experiments  seem  to  show  that  the 
amount  of  heat  so  developed  by  motion,  would,  if  collected  and  measured, 
prove  to  be  equal  in  amount  to  that  which  produced  the  motion.  The  heat 
produced  by  motion. is  generally  dissipated  and  lost  for  practical  purposes,  but 
it  is  not  absolutely  lost  It  has  been  absorbed,  or  diffused  through  space,  or 
converted  into  some  other  form  offeree,  which  in  turn  takes  part  in  softie  of 
the  great  operations  of  nature,  or  again  ministers  to  the  wants  and  necessities 
of  man.  Numerous  other  £icts  in  support  of  the  view  that  force,  like  matter, 
changes  but  is  never  destroyed,  inight  be  adduced.  The  subject  is  one  of 
great  interest,  and  has  a  practiod  bearing  on  many  of  the  operations  of  chem- 
istry. 

25.  Classification  of  Forces.— All  the  changes  which  take  placein 
matter  through  the  agency  of  the  several  forces  which  act  upon  it  are  considered 
under  three  general  divisions,  or  departments  of  science,  viz.,  Physio^  or 
Natural  Philosophy,  Animal  and  Vegetable  Physiology,  and  Chemistry. 

26.  Natural  Philosophy.— Physics,  or  Natural  Philoso- 
phy, is  that  department  of  science  which  considers  generally, 
all  those  changes  and  phenomena  which  are  observed  to  take 
place  in  matter  through  the  agency  of  the  forces  of  gravi- 
tation, cohesion,  adhesion,  capillary  attraction,  molecular 
repulsion,  light,  heat,  electricity,  and  magnetism,  and 
these  several  forces  have  been  termed  the  Physical 
Forces. 

27.  Physiology.— Animal  and  Vegetable  Physiology  is 


Questions. — ^Under  what  three  general  divisions  are  the  forces  which  a'^t  npon  matter 
considered  ?  What  forces  are  considered  und^r  the  department  of  Natural  Philosophy  f 
What  forces  under  the  department  of  Animal  and  Vegetable  Physiology? 
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department  of  science  which  treats  of  the  changes  and 
phenomena  observed  to  take  place  in  matter  through  the 
agency  of  the  vital  force. 

28.  Chemistry. — Chemistry  is  that  department  of  science 
which  relates  exclusively  to  all  those  changes  and  pheno- 
mena which  take  place  in  matter  through  the  agency  or 
influence  of  the  force  of  affinity. 

29.  Chemical  Action. — Chemical  Action  is  the  term  used 
to  designate  all  those  operations — the  result  of  the  force  of 
affinity — ^by  which  the  form,  solidity,  color,  taste,  smell,  and 
action  of  substances  become  changed  ;  so  that  new  bodies, 
with  quite  different  properties,  are  formed  from  the  old*. 

30.  Properties  of  Matter.— The  properties  which  char- 
acterize material  objects  in  general,  may  be  classed  under 
two  heads,  viz.,  physical  and  chemical  properties. 

Physical  Properties.— The  Physical  Properties  of  an  olv- 
ject  are  those  by.which  it  is  most  readily  defined,  or  dis- 
tinguished from  some  other  object.  The  form  of  a  body ;  i  ts 
condition  as  a  solid,  a  liquid,  or  a  gas  ;  its  color,  hardness, 
tenacity,  and  its  relations  to  heat  and  electricity,  are  ex- 
amples of  its  physical  properties.  Physical  properties  are 
independent  of  the  action  which  the  body  exerts  upon 
other  bodies. 

Chemical  Properties. — The  Chemical  Properties  of  a 
body  are  those  which  relate  essentially  to  its  action  upon 
other  bodies,  and  to  the  changes  which  the  body  either 
experiences  itself,  or  causes  to  take  place  in  other  bodies 
by  contact  with  them. 

The  physical  properties  of  such  a  substance  as  sulphur,  are,  its  peculiar  odor, 
Its  yellow  color,  its  brittleness,  its  crystalline  stracture,  its  specific  gravity,  the 
fedlity  with  which  it  exhibits  electrical  attraction  when  robbed,  and  the  like 
similar  qualities,  all  of  which  are  independent  in  a  great  degree  of  each  other, 
and  are  so  distinctive  in  their  character  that  our  senses  inform  us  at  once 
that  the  substfipoe  in  question  is  sulphur,  and  not  some  other  form  of  matter. 

If  we  would  now  enumerate  the  chemical  properties  of  sulphur,  it  would 

QumiOKS. ^What  is  chemistry?    Define  chemical  action.     Under  what  two  heads 

may  the  properties  of  material  ol^ects  be  classed?  What  are  the  physical  properties 
of  a  body?  What  are  chemical  properties?  mustrate  the  distinction  between  the 
physical  and  chemical  properties  of  sulphur. 
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be  necessary  to  refer  to  those  operations  by  which  the  body  becomes  changed 
and  loses  its  distinctive  character — such  as  the  ease  with  which  it  takes  fire, 
its  insolubility  in  water,  and  its  solubility  in  oil  of  turpentine,  and  the  ra- 
pidity with  which  it  unites  with  iron,  silver,  copper,  and  many  other  of  the 
metals. 

Had  there  been  but  one  kind  of  matter  in  the  umverse,  it  could  have  pos- 
sessed only  physical  properties,  and  the  laws  of  Natural  Philosophy  would 
have  explained  all  the  phenomena  and  changes  which  could  possibly  have 
taken  place  in  it.  As  the  character  or  composition  of  this  one  form  of  mat- 
ter, moreover,  could  not,  imder  the  circumstances,  have  been  changed  by  the 
action  of  any  different  substance  upon  it,  it  could  not  have  possessed  any 
chemical  properties,  and  no  idea  could  have  been  formed  by  an  intelligent 
being  of  any  such  department  of  knowledge  as  chemistry. 

The  connection,  however,  between  Chemistry  and  Natural  Philosophy  is 
mdSt  intimate ;  and  all  chemical  changes  are  influen:^  to  such  an  extent  by 
the  action  of  the  physical  forces,  that  a  knowledge  of  the  principles  of  Nat- 
ural Philosophy  is  requisite  for  a  proper  understanding  of  the  nature  of 
chemical  phenomena.  Especially  is  this  the  case  &s  respects  the  forces  mani- 
fested  through  the  agency  of  Heat,  Light,  Electricity,  and  Magnetism ;  and  a 
brief  review  of  these  subjects  is  generally  regarded  as  a  necessary  introduction 
to  the  study  of  the  science  of  Chemistry.  The  first  part  of  this  woric  is  there- 
fore devoted  to  a  consideration  of  the  nature  and  action  of  the  physical  forces 
so  &r  as  they  are  concerned  in  producing  chemical  changes,  or  in  character- 
izing chemical  phenomena.* 


CHAPTER   I. 

ON  THE   CONNECTION    OF  GRAVITY,    COHESION,    ADHESION, 
AND   CAPILLARY  ATTRACTION   WITH   CHEMICAL   ACTION. 

SECTION    I. 
GRAVITY. 

31.  Conneetion  of  GraTity  with  Chemical  Phenomena. — 
The  influence  of  the  force  of  gravity  on  matter  is  never 

*  It  hu  been  autimed,  in  the  preparation  of  this  wwork,  that  the  student  is  eonyeraant 
with  the  general  principles  of  Natural  Philosophy,  and  no  attempt  has  therefore  been 
made  to  treat  the  subjects  of  Heat,  Light,  Electricity,  and  Ifagnetismr  in  any  other  than 
a  general  manner,  and  with  special  reference  to  their  connection  with  chemical  pheno- 
mena. '*■ 

QuunovB.—Whafc  eonneetion  is  there  between  Natural  Phflosophy  and  Chemistry  f 
Is  gravity  influenced  by  changes  in  the  condition  of  matter  t 
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affected  by  any  change  which  may  take  place  in  the  fonn 
or  condition  of  the  matter  itself. 

A  pound  of  water  is  attracted  by  the  influence  of  gravity  toward  the  cen- 
ter of  the  earth  with  a  oertaui  degree  of  force,  and  as  weight  is  the  measure 
of  gravity,  we  express  the  exact  amount  of  this  attractive  force,  by  saying 
that  the  water  weighs  a  pound.  If  we  deprive  this  particular  quantity  of 
water  of  heat,  sufficient  to  freeze  and  convert  it  into  ice— a  solid — ^it  will 
still  weigh  a  pound ;  if  we  convert  the  same  quantity  of  water  into  steam  by 
the  addition  of  heat,  it  will  occupy  a  space  seventeen  hundred  times  greater 
than  before — ^yet  the  steam  produced  will  be  attracted  by  the  force  of  gravity 
equally  with  the  water  from  which  it  is  derived,  and  will  continue  to  weigh  a 
pound. 

As  the  action  of  gravity,  therefore,  is  never  suspended,  and  as  the  smallest 
particle  of  matter  can  not  be  annihilated  by  any  operation,  we  are  enabled  to 
test  the  accuracy  of  every  chemical  process,  and  ascertain  the  true  composition 
of  bodies  by  proving  the  weight  of  the  compound  to  be  equal  to  the  weight 
of  the  substances  which  produce  it 

32.  Dae  of  the  Balance— The  balance  is  to  the  chemist 
what  the  compass  is  to  the  mariner,  and  before  its  intro- 
duction as  a  means  of  verifying  experiments,  the  whole 
science  of  Chemistry  was  a  collection  of  disconnected  and 
separate  facts  and  theories. 

Until  within  a  comparatively  recent  period  it  was  supposed  that  common 
air,  or  gases,  did  not  possess  weight ;  and  this  error,  which  was  necessarily 
accompanied  with  most  absurd  notions  respecting  the  constitution  of  air  and 
-gases,  prevailed  until  the  experiment  of  weighing  them  was  tried,  when 
tiiey  were  found  to  be  attracted  by  gravity  equally  with  all  other  kinds  of 
matter. 

Less  than  a  hundred  years  ago  it  was  generally  taught  and  believed  that 
when  a  body  was  burned,  a  portion  of  its  substance  was  lost  Lavoisier, 
an  eminent  French  philosopher,  proved  the  contrary  by  carefully  burning  a 
body,  and  then  weighing  all  that  was  left  unconsumed  by  the  fire,  and  all 
the  Invisible  products  that  escaped.  He  found,  that  instead  of  there  being 
a  loss  of  matter,  there  was  a  gain,  and  thus  by  a  simple  experiment  overthrew 
at  once  ideas  respecting  the  nature.of  fire  9nd  combustion  that  had  prevailed 
for  centuries  previous. 

The  great  distinction,  according  to  Professor  Liebig,  between  Chemistry  and 
Natural  Philosophy,  is  that  the  one  weighs  and  the  other  measures. 

33.  Two  Great  Systems  of  Weights.— Two  great  systems 
of  weights  are  recognized  throughout  the  civilized  world  in 


QuxsnoNB. — Give  «n  illnstratloii.  What  relation  does  the  balance  sustain  to  the  opera- 
tions of  the  efaemist  ?  'VRiat  fiusts  illustrate  the  use  of  the  balance  in  efBecting  chemical 
dlsooveries  f    What  two  systems  of  weights  are  recognized  ? 
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Chemistry  and  in  all  other  operations.     These  are  known 
as  the  English  and  French  Systems. 

34.  The  English  System  of  Weights.— The  smallest  de- 
nomination of  weight  made  use  of  in  the  English  System 
(the  one  generally  used  in  the  United  States)  is  a  grain. 
The  Parliament  of  England  passed  a  law  in  1286,  that 
82  grains  of  wheat,  well  dried,  should  weigh  a  penny- 
weight. Hence  the  name  grain  applied  to  this  measure 
of  weight. 

It  was  afterward  ordered  that  a  pennyweight  should  be  divided  into  only 
2-4  grains.  Grain  weights  for  practical  purposes  are  made  by  weighing  a  thin 
plate  of  metal  of  uniform  thickness,  and  cutting  out,  by  measurement,  such  a 
--proportion  of  the  whole  as  will  weigh  one  grain.  In  a  like  manner,  weights 
may  be  obtained  for  chemical  purposes  which  weigh  only  the  1, 000th  part  of 
a  grain. 

Seven  thousand  grains  constitute  a  pound  avoirdupois, 
and  from  this  pound  all  measures  of  capacity  have  been 
derived  by  Act  of  the  English  Parliament. 

Thus  a  standard  gallon  is  bj  law  as  much  distilled  water  as  will  weigh  ten 
pounds,  or  70,000  grains;  and  a  measure  holding  exactly  this  quantity  of 
water  is  a  gallon  measure.  By  subdividing  the  gallon  we  obtain  smaller 
measures,  quarts,  pints,  eta 

35.  Freneh  System  of  Weights.— The  French  System  of 
Weights  is  constructed  on  a  different  plan,  and  is  distin- 
guished for  its  great  simplicity — all  its  divisions  being 
made  by  ten.  It  is,  therefore,  sometimes  called  the  deci- 
mal system. 

On  the  continent  of  Europe  this  system  qf  weights  is  almost  universally 
adopted  for  all  scientific  operations,  and  is  gradually  being  introduced  into 
England  and  the  United  States.  It  is,  therefore,  highly  important  that  the 
principles  upon  which  it  is  based  should  be  understood. 

The  basis  of  the  French  System  is  an  invariable  dimen- 
sion of  the  globe,  viz.,  a  fourth  part  of  the  earth's  merid- 
ian, or  a  fourth  part  of  a  circle  passing  round  the  earth 
(lengthwise),  and  intersecting  at  the  poles. 


QnsBnoNB.— What  is  the  smallest  weight  recognised  in  the  English  System  ?  Whal 
is  a  pound  aroirdupois?  How  are  measares  of  capacity  derired  from  measures  of 
weight?  What  is  an  English  gallon?  What  is  the  distinguishing  peculiarity  of  tha 
French  system  of  weights  ?    Where  is  the  Freneh  system  used  ?    What  is  its  haslB^ 
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meridian  of  the  eartti ;  aod  &  fburth  part  of 
3  circle,  or  the  distance  N  E,  coDsUtates 
the  dimension  on  which  the  Freuch  SfBtem 
is  tbundcd. 

This  distance,  wMch  was  accu- 
rately measured,  is  divided  into 
ten  million  eqnal  parts  ;  and  a 
single  ten  millionth  part  adopted 
as  a  measure  of  length,  and  called 
ajnetre. 

A  metre  is  about  three  feet  and  a  qoorter  in  lengtli,  or  about  thiHy-niae 
IHngliab  inches.  Bj  muldplpng  or  dividing  the  metre  b;  ten,  all  the  larger 
»nrl  amallpr  measures  of  tangtb  are  obtained.  For  indicating  measorea  imaiier 
(baa  a  metre,  Latin  t«nn8  are  used ;  Ibr  indicating  measures  larger  thaa  a 
metre,  Greeii  terms.     Thua — 


Snuller  Meuurea. 

Dedmetre  ^  1-lOth  mi 
Ceatimetre—  1-lOOth  m< 
UiUimetre  — 1-lOOOth  mi 


Uetre. 

Decametre  —  10  metrea 
HecbHnetr^—  100  metres. 
Kilometi^  ^  1,000  metres. 
Mjriametre— •10,000  metres. 


The  Byatcm  of  weights  was  formed  from  measoroa  of  length  in  the  follow- 
ing manner,  A  box,  in  tho  fonn  of  a  cube,  was  taken,  measuring  one  centi- 
metre in  every  direction.  This,  Qlled  with  distilled  water  at  its  greatest 
densi^  (at  a  temperature  of  39°  Falirenheit's  thermometer),  wea  taken  aa  tho 
unit  of  the  docimal  weights,  and  called  a  gramm^ — a  quantity  equal  to  about 
fifteen  'English  grains.  The  gramme,  multiplied  and  divided  by  ten,  gives  all 
the  other  larger  or  smaller  weiglits.    Thus — 

SDullar  Weighta.  Lirger  IVeiglita. 

Gramme.  Gramme. 

Dedgramme^      1 -1 0th  gramme.     Decagramme^       10  grammeSi 

Centigramme—   1-lOOth  gramme.     Hectogramme^     100  grammes. 

l£illigramme^l-I,0O0th  gramme.    Eik^jamme  ^  I,0CO  gnuumes. 

U7riBgramme-~l  0,000  grammes. 

The  liilogramme  corresponds  in  its  use  in  aU  commercia]  transactions  with 
the  EngLsh  pound.    Its  weight  is  equal  to  about  2^  pounds  avoirdupoiik 


*  ProDoaDced  Qrum^ 


Qmnoin.— What  li  tlu  Hetn  «f  tlie  Prendi  ■jrMera  r 
nuUsr  iD«uar«B  of  l«nglhderiv»d  from  tbe  Metre  r    Hswli 
rived  froua  thameaoaraiofleagtbT    Whrnt  la  t,  KUagfunmaT 
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36.  Constrnetion  of  Fig.7. 

the  Balance.— The  bal- 
ance used  for  all  deli- 
cate chemical  experi- 
mento  is  constructed  in 
the  most  perfect  man- 
ner. The  point  of  sup- 
port of  the  beani  (see  Fig.  7)  is  a  wedge  of  hardened 
steel  with  a  sharp^  knife-like  edge,  which  riests  upon  a  flat 
plate  of  polished  agate.  The  points  of  support  of  the  two 
scale-pans  are  often  constructed  in  a  similar  manner. 

In  all  nice  experiments  the  balance  must  be  screened  from  currents  of  air, 
and  the  bodies  weighed  must  have  nearlj  the  same  temperature  as  that  of  the 
surrounding  atmosphere — otherwise  currents  of  air,  ascending  and  descending, 
will  be  produced,  which  will  impair  the  accuracy  of  the  weight. 

Balances  are  at  the  present  time  constructed  for  chemical  operations,  so 
delicate  and  exact,  that  they  are  able  to  indicate  the  weight  of  a  thousandth 
part  of  a  grain. 

For  the  experiments  described  in  this  book,  a  common  apothecarira'  balanoo 
is  all  that  is  requisite. 

37.  Weight  Compared  with  Bulk.— -If  equal  bulks  of  matter  of 
different  kinds  be  compared  together,  they  will  be  found  to  differ  greatly  in 
weight.  Platinum,  the  heaviest  body  known,  is  upward  of  200,000  times  as 
dense,  bulk  for  bulk,  as  hydrogen. 

Specific  Gravity. — The  specific  gravity,  or  specific  weight 
of  a  body,  is  its  weight  as  compared  with  tlie  weight  of 
an  equal  bulk  of  some  other  substance,  assumed  as  the 
standard  of  comparison. 

Absolnte  Weight. — The  absolute  weight  of  a  body  is  the 
weight  of  its  entire  mass,  considered  without  any  reference 
to  its  bulk,  or  volume. 

The  weight  of  a  body^  as  determined  by  the  ordinary  process  of  weighing, 
is  its  absolute  weight 

Pure  water,  at  a  temperature  of  60^  Fahrenheit,  has  been  selected  as  the 
standard  for  comparing  the  weights  of  equal  bulks  of  different  solids  and 
liquids ;  and  common  air,  dzy,  and  at  a  temperature  of  60^  Fahrenheit,  and 


Questions. — What  are  the  peculiarities  of  the  balance  as  used  for  chemical  investiga- 
tions ?  What  precautions  are  to  be  observed  in  nice  experiments  t  How  do  equal  bulks 
ef  different  substances  compare  f  What  is  specific  gnrity^  or  specific  weight  f  What 
is  absolute  weight  f 


WEIGHT. 


27 


Fig.  8. 


30  inches  pressure  of  the  barometer,  as  the  standard  for  comparing  the  weicfhts 
of  equal  Tolnmes  of  different  gases  and  vapors. 

Attention  is  given  to  temperature,  and  to  the  pressure  of  the  atmosphere, 
because  the  bulk  of  all  substances  sensibly  varies  with  changes  in  these  con- 
ditions. 

Water  having  been  selected  as  the  standard  of  comparison,  the  question  to 
be  settled  in  the  determination  of  the  specific  gravity  of  a  body-  is  simply  this 
— how  much  heavier  or  lighter  is  a  giyen  bulk  of  a  substance,  than  an  equal 
bulk  of  water?  The  solution  of  the  problem  may  be  found  by  the  following 
general  rule :  ' 

38.  Weigh  first  the  body  in  air,  and  afterward  weigh  it 
when  susp3nded  in  water.  It  will  be  observed  to  weigh 
less  in  water  than  in  air.  Subtract  the  weight  in  water 
from  the  weight  in  air,  and  divide  the  weight  in  air  by 
the  difference ;  the  quotient  will  be  the  specific  gravity 
required. 

This  rule  is  based  upon  the  fiict,  that 
a  solid  when  weighed  in  water  loses 
weight  equal  to  the  water  it  displaces ; 
and  the  bulk  of  the  water  displaced  is 
exactly  equal  to  its  own. 

Suppose  a  piece  of  gold  weighs  in  the 
air  19  grains,  and  in  water  18  grains; 
the  loss  of  weight  in  water  will  be  1 ; 
19-1- li— 19,  the  specific  gravity  of  gold. 

Fig.  8  represents  the  arrangement  of 
the  balance  for  taking  specific  gravities^ 
and  the  manner  of  suspending  the  body 
in  water  fi*om  the  scale-pan,  or  beam, 
by  means  of  a  fine  thread,  or  hair. 

39,  The  specific  gravity  of 
liquids  is  easily  determined  in 
the  following  manner.  A  bottle  capable  of  holding  ex- 
actly 1,000  grains  of  distilled  water  is  obtained,  filled  with 
water,  and  balanced  upon  the  scales.  The  water  is  then 
removed,  and  its  place  supplied  with  the  liquid  whose  spe- 
cific gravity  we  wish  to  determine,  and  the  bottle  and  con- 
tents again  weighed.  The  weight  of  the  fluid,  divided  by 
the  weight  of  the  water,  gives  the  specific  gravity  required. 

QuEsnoKS.— What  are  the  ttaadards  of  ■pecifie  grayity  ?  How  may  the  qieeifie  gravity 
of  Mlidi  be  determined  f  Upon  what  principle  ii  this  role  founded  ?  flow  may  the  specifio 
gravity  of  liquids  be  determined  ? 
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ThiM,  a  bottle  holding  1,000  ^nuns  of  distilled  water,  vUl  hold  1,S4B  graliu 
of  sulphuric  add;  1,845+1,00(^1.846,  the  Bpedflo  gravity  of  sulphuric  acnd; 
or  this  liquid  ii  1.845  times  heavier  thim  an  equal  bulk  of  water. 

40.  The  ^>e(vSo  gravity  of  liquids  msj  alao  be  obbuned  without  the  aid  of 
a  balance,  by  means  of  an  instniment  called  the  Hydboueteb. 

j^g  g  The  Hjdro'meter.— ThiBConsistsofabol- 

low  glass  tube,  on  the  lower  part  of  which 
a  epherical  bulb  is  blown,  the  latter  being 
filled  with  a  suitable  quantity  of  small 
shot,  or  quicksilver,  in  order  to  cause  it 
to  float  in  a  vertical  position.  The  upper 
part  of  the  tube  contains  a  scale  gradu- 
ated into  suitable  divisions.  (See  Fig.  9.) 
It  is  obvioiis  that  the  hjnirometer  will  sink  to  a  greater 
or  lees  doptb  in  different  liquids ;  deeper  in  the  lighter 
ones,  or  those  of  small  specific  gravity,  aad  not  so  deep 
in  those  which  are  denser,  or  which  have  great  specific 

fgcaTity.  The  specific  gravity  of  a  liquid  nay,  tbere- 
Rire,  be  estimated  by  the  number  of  divisions  on  tlia 
scale  which  remain  above  the  surihce  of  the  liquid. 
Tables  are  constructed,  so  that,  by  their  aid,  when  the 
number  on  the  scale  at  wliich  the  hydrometer  floats  in  a  given  liquid  is  de- 
termined by  experiment,  the  speciSc  gravity  is  expressed  by  figures  in  a  col- 
lunii  directly  opposite  that  number  in  the  (able. 

The  liquid  whose  spedBc  gravity  is  to  be  determined,  is  usuaDy,  for  conve- 
nience, placed  in  a  nairow  vessel  or  jar  (see  Fig.  9),  and  the  zero  point  on  the 
Bcale  of  the  hydrometer  is  always  placed  at  tliat  point  where  tlie  instrument 
will  float  in  pure  water.  The  numbers  on  the  scale  read  either  up  or  down, 
according  as  the  liquid  to  be  tested  is  either  heavier  or  lighter  than  water. 

For  the  testing  of  alcohol  and  spirituous  liquor^  a  particular  form .  of  hy- 
drometer is  used,  called  the  "  alcohoWmctcr."  Tliis  is  so  graduated  as  to 
Indicate  the  number  of  parts  of  pure  alcohol  iu  a  hundred  of  Uquid ; — perfectly 
pure,  or,  as  it  is  called,  "  absolute"  alcohol,  being  100,  and  pure  water  1. 

In  the  arts,  a  French  bydro'meter,  known  as  Beaumi'e,  and  an  English  in- 
strument known  as  Twaddell's,  bo  called  from  their  makers,  are  much  used. 
Dealers  and  manufacturers  of  ai^rituous  liquors,  syrups,  oils,  leys  for  soap- 
making,  etc,  in  buying,  selling,  ot  compounding,  are  accustomed  to  indicata 
tlie  strength  or  quaUty  of  their  products,  by  saying  that  they  stand  at  so  many 
d^rees  Beaumj,  or  TwaddelL 


QDimoim.— WbKt  li  ■  bjaTomeittt  Upoa  wli«l  prindplB  m«r  On  ipadAe  Etovit^ 
bf  ■  Uqnid  be  daMrtDlud  ij  the  hTdnmetarT  Ban  li  ths  hrdrametu  (rulutedf 
WIul  li  u  ilceholoiiielu  T     Wlut  ire  tka  InatnunsiiU  knawu  HI  BwamA  iiad  Tnd- 
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The  practical  value  of  tho  hydrometer  in  the  arts  as  a  labor-saving  inven* 
tion,  is  very  great  The  soap-maker,  by  dipping  the  instrument  into  his  ley, 
and  noticing  the  point  at  which  it  floats,  knows  at  once  by  experience  whether 
it  is  of  sufficient  strength  to  convert  his  grease  into  soap ;  the  salt-boiler,  by 
a  like  observation,  is  enabled  to  judge  how  long  his  brine  must  be  boiled  be- 
i(N«  salt  will  deposit  at  the  bottom  of  his  kettles ;  and  the  bleacher  has  in  a 
like  manner  a  sure  check  against  the  use  of  bleaching  liquors  of  strength  suf^ 
ficient  to  damage  his  fabrics.  So  in*very  many  other  industrial  processes  also 
the  hydrometer  is  equally  useful. 

41.  Specific  GraTity  of  Gases.— In  principle,  the  method 
of  determining  the  specific  gravity  of  gases  is  the  samo 
as  that  used  in  the  case  of  solids.  A  flask,  or  globe,  is 
first  weighed  empty,  then  when  filled  with  air,  and  a  third 
time,  when  the  gas  whose  specific  gravity  is  sought  for, 
has  been  substituted  for  air.  The  difierence  between  these 
respective  weights  furnishes  the  data  for  calculating  the 
specific  gravity  required. 

42.  The  specific  gravity  of  a  body  constitutes  one  of  its  most  important  and* 
distinguishing  physical  characteristics.  Thus,  for  instance,  the  mineral  known 
as  iron  pyri'tes  resembles  gold  in  color  so  dosely,  tiiat  it  is  often  mistaken 
by  the  unskilled  for  that  metal '  It  may,  however,  'be  at  once  distinguished 
from  gold  by  the  difference  in  specific  gravity,  an  equal  bulk  of  gold  being 
nearly  four  times  as  heavy. 

SECTION  n. 

COHESIOir. 

43.  Cohesion  and  Chemical  Aetionr-The  force  with 
which  like  particles  of  matter  are  held  together  by  the  in- 
.  fluence  of  cohesion^  or  what  is  termed  the  "  strength  of  ma- 
terials/' although  of  great  importance  in  all  the  operations 
of  the  mechanic,  the  engineer,  and  the  architect,  has  com- 
paratively little  to  do  with  Chemistry.  Variations,  how- 
ever, in  the  cohesion  and  aggregation  of  the  particles  of 
a  particular  substance,  modify,  to  a  considerable  extent,  the 
nature  and  rapidity  of  chemical  action  upon  it. 

.Thus  g^powder,  for  example,  when  in  the  form  of  a  hard  cake,  or  as  fine 
dust,  bums  comparatively  slowly,  as  in  what  is  termed  a  slow  match,  or  ftise; 

QuKSiioKB. — Explain  the  pnetlcal  valne  of  the  hydrometer  m  a  labor-ntvlng  ezpedient; 
How  may  the  speoifie  grarity  of  a  gas  he  determined  t  Is  the  spedfle  gravity  of  a  aah- 
ataoee  one  of  Ita  important  oharaeierlitiMf  What  ia  the  relatlMiof  the  for«e  of  eohMioii 
to  chemical  action  ? 
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but  in  the  form  of  fine  grainsi  each  portion  quickly  ignites^  and  an  almost  in- 
stantaneous explosion  oocura 

As  a  general  rule,  the  cohesion  of  a  body  diminishes  as 
its  temperature  increases.  A  heated  liquid  forms  smaller 
drops  than  a  cold  one.  Sulphur,  of  all  bodies,  is  an  ex- 
ception to  this  rule,  its  consistency  increasing,  after  melt- 
ing, as  its  temperature  rises. 

In  liquids,  notwithstanding  the  freedom  with  which  their  particles  glide 
over  each  other,  there  still  exists  an  appreciable  amount  of  cohesion.  This  is 
shown  by  the  &ct  that  every  detached  drop  of  a  liquid,  as  a  dew-drop  upon 
a  lea^  always  assumes  a  rounded  form— a  globe  or  sphere  being  the  figure 
which  wUl  contain  the  greatest  amount  of  matter  within  a  given  surface. 

This  influence  of  cohesion  is  beautifully  shown  in  the  case  of  two  liquids 
which  do  not  mix  with  each  other,  but  which  have  precisely  the  same  spedfic 
gravity,  as  is  the  case  with  oil  and  alcohol  of  a  certun  degree  of  dilutbn. 
If  a  little  oil  be  poured  into  weak  alcohol,  it  remains  suspended  within  it  in 
the  form  of  a  perfect  spherical  mass.* 

.  44.  Limpid  and  Tis'cons  Liquids.— Liquids,  according  to 
the  difference  of  cohesive  force  which  exists  amoi^.  their 
particles,  have  received  the  distinctive  names  of  limpid 
and  via'cous. 

Limpid  Liquids  are  those  which,  like  ether,  alcohol,  etc., 
display  great  mobility  of  their  particles.  Bubbles  pro- 
duced ii^  such  liquids  by  agitation,  quickly  rise  to  the  sur- 
face, break,  and  disappear. 

Vis'eons  Liquids  are  those  in  which  the  particles  are  held 
together  so  strongly,  by  the  force  of  cohesion,  that  they 
move  sluggishly  upon  one  another.  Oil,  syrup,  gum- 
water,  etc.,  are  examples  of  viscous  liquids. 


*  TUs  experiment  may  be  Bueeessfully  and  eadly  performed  by  the  teacher  in  the  fol- 
lowing manner : — Oil  will  float  upon  the  surfaoe  of  water,  but  will  sink  to  the  bottom  of 
strong  alcohol ;  if  we,  therefore,  pour  a  portion  of  alcohol  into  a  glass,  and  put  in  a  glo- 
bule of  ofliColire  oil  is  preferable),  the  spirit  will  float  above  it,  and  the  oil  will  hare  the 
form  of  a  flattened  spheroid.  If  we  now  add  a  little  water,  and  mix  it  carefully  with  the 
spirit  without  breaking  the  floating  mass  of  the  oil,  it  will  be  seen  to  swim  highei^  up  la 
the  spirituous  medium  and  present  less  flatness,  and  by  continuing  to  carefully  add  water, 
we  may  at  last  bring  the  oil  to  the  very  center  of  the  fluid,  where  it  will  assume  the  form 
of  a  perilact  sphere. 

•  QnstnoNS. — ^What  relation  exists  between  eoherion  and  temperature  f  Does  the  cohe- 
eire  force  inflnence  the  particles  of  liquids t  Why  is  a  dew-drop  spherical  in  shape? 
What  experiment  Illustrates  the  cohesion  of  liquids  t  Into  what  two  classes  may  liquids 
be  divided  ?    What  is  a  limpid  liquid?    What  is  a  viscous  liqbid ? 
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45.  T&riations  of  Cohesion  in  Solids.— Those  proper- 
ties of  solid  bodies  which  we  denoiuinate  hardness,  soft^ 
ness^  brittleness,  malleability,  and  ductility,  are  occasioned 
by  variations  of  the  cohesive  force.  The  cause  of  these  va- 
riations, or  the  reason  why  one  metal  should  be  malleable 
and  another  ductile,  or  why  the  same  substances  should 
possess,  under  different  circumstances,  different  degrees  of 
hardness,  is  not  fully  understood. 

The  most  trifling  variations  in  the  external  circumstances  to  which  a  body 
is  subjected,  will  often  produce  the  most  extraordinary  differences  in  its  hard- 
ness, brittleness,  ductility,  and  malleability.  A  piece  of  steel  slowly  ooole'\ 
from  a  red  heat  is  soft,  and  may  be  easily  cut  with  a  file,  or  stamped  with  a 
die ;  but  the  same  piece  of  steel,  if  heated  to  redness  and  suddenly  cooled, 
becomes  extremely  hard,  and  as  brittle  as  jrlass.  Gold  is  one  of  the  most 
ductile  of  metals,  but  if  a  mass  of  melted  rolw.  be  exposed  to  the  mere  fumes 
of  antimony,  it  loses  its  ductility  altogether  ^ 

46.  Hardness. — The  hardness  of  a  body  is  measured  by 
its  power  of  scratching  other  substances. 

The  variations  in  the  degree  of  hardness  presented  by 
different  bodies,  often  furnish  the  mineralogist  and  chem« 
ist  with  a  valuable  physical  test,  by  which  they  are  en- 
abled to  distinguish  one  mineral  from  another.  For  the 
purpose  of  facilitating  such  comparisons  a  table  has  been 
constructed,  by  taking  ten  well-known  minerals,  and  ar- 
ranging them  in  such  a  way  that  each  is  scratched  by  the 
one  that  follows  it.  Such  a  table  is  known  as  the  Scale 
of  Hardness ;  and  by  comparing  any  unknown  mineral 
with  this  scale,  its  comparative  degree  of  hardness  may 
be  at  once  determined. 

For  example,  suppose  a  body  neither  to  scratch  nor  to  be  scratched  by 
pure  quartz,  or  rock  crystal,  which  is  No.  7  of  the  table,  its  hardness  is  said 
to  be  1 ;  ifj  however,  it  should  scratch  quartz,  and  not  scratch  the  topaz, 
which  is  Na  8  of  the  table,  its  hardness  would  be  said  to  be  between  *l  and 
S.  Very  many  different  minerals  have  the  same  external  appearance,  and^by 
the  sight  alone  can  not  be  distinguished  fh)m  each  other ;  but  by  the  employ- 

*  See  Crystallization. 

QcmrnoMB. — ^What  pbyrieal  propertieB  of  bodies  are  dae  to  rarlatioiis  of  the  oohedTO 
foree?  How  is  the  hardness  of  a  body  measured  t  What  is  the  scale  of  hardnnssf 
How  is  the  seale  of  hardness  nsed,  and  what  are  its  advantages  in  determining  the  ebAr- 
aeter  of  minerals  f 
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ment  of  this  test,  a  difference  in  their  physical  or  chemical  composition  maj 
be  at  once  recognized* 

SECTION    III. 

ADHESION  AND  CAPIIJ«ABT  ATTRACTION. 

47,  Adhf»ion  and  Chemical  Action.— The  force  of  ad- 
'nesion  is  exerted  between  substances  in  every  form  or 
condition.  When  it  occurs  between  solids,  it  is  the  prin- 
cipal cause  of  that  resistance  to  motion  which  is  termed 
friction. 

As  a  general  rule,  friction  is  greater  between  surfaces 
of  the  same  substances  than  between  those  of  unlike  sub-* 
stances.  Thus  an  iron  axle  moving  in  an  iron  box  or 
socket,  experiences  a  greater  amount  of  friction  than  if 
revolving  in  a  brass  socket. 

We  reduce  the  amount  of  friction  between  two  surfiices  by  interposing  somo 
substances^  like  grease,  oil,  black-lead,  etc.,  the  particles  of  which  have  very 
little  cohesion. 

The  valuable  properties  of  cements  and  mortars  depend 
entirely  upon  the  operation  of  the  force  of  adhesion.  The 
fact,  also,  that  different  kinds  of  cement  are  required  for 
joining  together  different  materials,  proves  that  adhesion 
acts  with  varying  degrees  of  force  between  different  kinds 
of  matter. 

Thus,  glue  or  gum  may  be  used  for  joining  pieces  of  paper  or  wood,  but 


*  The  foQovltig  is  ihQ  scale  of  bardneBB  generaUy  adopted : — 

1.  Talc  6.  Feldspar. 

2.  Compact  gypsum.  7.  Limpid  qaartz. 
8.  Caleareons  spar.  8.  Topaz. 

4.  Floor  spar.  9.  Sapphire,  or  Conandnm. 

5.  Apatite  (phosphate  of  lime).  10.  Diamond. 

Eaeh  of  these  minerals  is  harder  than  those  which  precede  it,  and  is  softer  than  anj 
which  follow  it 

Teachers  and  pnpHs  can,  with  the  exception  of  No.  10,  tlie  diamond,  eadly  obtain  the 
materials  necessary  to  eonstmct  the  scale  of  hardness  as  above  given.  It  may  also  be  ob- 
tained, put  np  in  a  neat  box,  of  most  philosophical  instruments  dealers,  at  a  trifling  ex- 
pense. . 

QuamONS.— In  what  manner  is  the  force  of  adhesion  exerted  f  What  is  frietion  t 
Under  what  circumstances  is  frietion  the  greateKt  ?  How  may  Motion  be  diminished  f  To 
what  are  the  ralnable  properties  of  cements  and  mortars  due  ?  What  facts  prove  the 
varying  force  of  adhesion? 
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they  will  not  answer  for  cementing  glass  .or  china ;  while  for  the  uziion  of 
marble,  brick,  or  stone,  a  cement  containing  lime  is  required. 

Generally,  the  force  of  adhesion  is  inferior  in  strength 
to  the  force  of  cohesion  :  but  in  some  instances  the  oppo- 
site is  true. 

Thus,  in  detaching  glue  from  the  surface  of  wood,  it  not  unfrequently  hap- 
I>ens  that  portions  of  the  wood  are  torn  ofif  by  the  glue,  on  account  of  the 
force  of  adhesion  between  the  two  bodies  proving  stronger  than  the  force  of 
cohesion  between  the  particles  of  the  wood. 

The  property  of  water  to  adhere  to  solid  sur&ces  and  wet  them,  and  the 
Tsagid  diffusion  of  a  drop  of  oil  over  the  surfoce  of  water,  are  illustrations  of 
the  force  of  adhesion  between  solids  and  liquids,  and  between  different 
liquids. 

Some  experiments  seem  to  show  that  the  force  of  adhesion  may  even  over- 
come the  force  of  affinity  under  some  circumstances.  Thus,  when  vinegar 
U  filtered  through  pure  quartz  sand,  the  first  portion  that  runs  through  is  de- 
prived of  nearly  all  its  acid,  and  the  vinegar  will  not  pass  through  unchanged 
until  the  sand  has  become  charged  with  acid. 

48.  Surface  Action. — As  adhesion  takes  place  solely  be- 
tween the  surfaces  of  bodies,  it  is  evident  that  whatever 
circumstances  affect  surface  must  essentially  influence  the 
exertion  of  the  force  of  adhesion.  It  has  accordingly  been 
found  that  hy  minutely  subdividing  a  body,  and  thus  in- 
creasing its  extent  of  surface,  we  generally  increase  the 
effect  of  adhesion. 

A  cubic  inch  of  matter  cut  into  little  cubes,  each  1 -2400th  of  an  inch  on 
the  edge,  will  exhibit  a  surface  of  exactly  100  square  feet. 

All  pulverized  bodies,  by  reason  of  their  great  extent  of  surface,  attract 
moisture,  or  the  vapor  of  water,  and  also  air,  so  that  by  exposure  to  the  at- 
mosphere they  increase  in  weight  to  a  considerable  extent. 

A  most  striking  illustration  of  the  &ct  that  extent  of  sur&co  fiicilitates  the 
action  of  adhesion  is  found  in  the  case  of  charcoal.  When  wood  is  heated 
apart  fh)m  the  air,  certain  portions  of  matter  which  compose  its  structure  are 
driven  off  by  the  action  of  the  heat,  and  the  charcoal,  which  remains  behind, 
U  left  full  of  little  pores,  or  openings.  In  this  way  an  enormous  extent  of 
8ur£u»  is  acquired,  so  much  so,  that  a  cubic  inch  of  good  charcoal  is  esti- 
mated to  have  a  surfitoe  of  at  least  a  hundred  square  feet  By  reason  of  such 
aa  extended  sur&oe,  the  effect  of  the  force  of  adhesion  existing  between  char- 


QnKBQirB. — ^Wh7  is  not  glue  suitable  for  cementing  glass  or  china  f  Does  the  force  of 
adhesion  ever  prove  snperir^r  to  the  force  of  cohesion  t  What  are  illustrations  of  adhe- 
sion betrireen  solids  and  liquids  f  What  inflaence  has  sor&ce  upon  adhesion  f  Why  do 
most  pnlTerised  sabstanoes  attract  moisture  ?  How  does  oharooal  illustrate  the  influence 
of  rtorface  r*>on  the  force  of  adhesion  f 
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coal  and  various  liquids  and  gases  is  greatly  Increased.  Thus,  it  has  been 
found  that  fteshly-bumed  charroal  is  capable,  through  the  force  of  adhesion 
«lone,  of  absorbing  or  condensing  upon  its  surface  fnmi  80  to  90  times  its  own 
bulk  of  certain  gases ;  and  that  it  absorbs,  wheii  exposed  to  moist  air,  so  much 
water,  as  to  increase  in  weight  by  nearly  one  fifth. 

All  coloring  matters  of  vegetable  or  animal  origin,  and  many  other  sub- 
stances, have  likewise  the  property  of  adhering  to  charcoal — a  circumstance 
which  has  been  turned  to  great  practical  advantage  in  the  arts. 

Other  substances  beside  diarcoal,  exert,  by  reason  of  their  peculiar  ex- 
tension of  surface,  a  similar  influence  on  the  force  of  adhesion.  Metallio 
platinum,  finely  divided,  is  even  more  remarkable  in  its  effects  than  charcoal, 
and  is  capable  of  absorbing  eight  hundred  times  its  bulk  of  oxygen  g^ 
This  oxygen  must  be  contained  within  it  in  a  state  of  condensation  very 
like  that  of  a  liquid.  In  a  like  manner,  every  porous  body  attracts,  through 
the  force  of  adhesion,  air  and  moisture  to  a  greater  or  less  degree,  the  action 
of  the  force  being  proportioned  to  the  extent  of  the  porosity,  or  the  surface 
exposed.  A  field  whose  soil  is  finely  divided  and  kept  porous  by  a  high  state 
of  cultivation,  suffers  less  ftom  drought  than  one  similarly  situated  which  is 
partially  or  wholly  uncultivated.  It  is  not  improbable,  also,  that  plants  are 
assisted  in  obtaining  nutriment  fix}m  the  air,  through  the  influence  of  an  ad- 
hesive force  acting  between  the  surfaces  of  their  leaves  and  the  constituents 
of  the  atmosphere. 

49.  Capillary  Attraction.— The  phenomena  produced  by 
the  agency  of  the  force  of  capillary  attraction  are  similar 
in  character  to  those  piroduced  by  the  force  of  adhesion. 
Indeed,  according  to  some  authorities,  capillary  attraction 
is  merely  a  variety  of  adhesion.^  The  fact,  however,  that 
capillary  attraction  both  elevates  and  depresses  the  sur- 
faces of  liquids,  seems  to  prove  that  there  are  essential 
differences  between  these  two  forces. 

The  two  disting^hing  manifestations  of  capillary  attraction  may  be  clearly 
illustrated  by  the  following  experiments : — 

If  a  liquid  be  poured  into  a  vessel,  as  water  in  glass,  whose  sides  are  of  such 
a  nature  as  to  be  wetted  by  it,  the  liquid  will  be  elevated  above  the  general 


*  Aeeordiog  to  the  latest  and  best  snstained  hypothesis  on  this  subject,  the  phenomena 
•f  capillary  attraction  are  due  not  only  to  an  adhestye  attraction  between  the  liquid  and 
jhe  solid,  but  also  to  a  contractile  force  existing  on  the  free  sur&oe  of  ev»7  liquid,  and 
which  is  increased  or  diminished  in  a  given  direction  by  the  convexity  or  concavity  of  this 
surface. 


QuxsnoirB. — ^What  otiier  fiicts  iUUBtrate  the  influence  of  surface  action  t  Do  the  phe. 
nomena  of  ca^llary  attraction  resemble  those  of  adhesion  f  How  may  the  two  distia- 
^uishing  manifestations  of  axillary  foroe  be  exhibited  f 
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Fust.  10. 


Fia.  11. 


level  of  its  sur&ce  at  the  points  where  it  touchee  the 
sides  of  the  vessel    This  is  shown  in  Fig.  10. 

I^  however,  the  liquid  is  poured  into,  a  vessel  whose 
sides  are  of  such  a  nature  that  they  are  not  wetted  hy 
it,  as  in  the  case  of  quicksilver  in  glass  vessel,  then  the 
liquid  will  be  depressed  below  the  general  level  of  its 
sur&ce  at  the  points  where  it  comes  in  contact  with 
the  sides  of  the  vessel '  This  is  shown  in  Fig.  1 1. 

.    In  like  manner,  if  we  plunge  a  small  tube  of  glass  into 

water,  the  liquid  will  rise  in  it  above  the  general  level ; 

but  if  we  plunge  it  into  mercury,  the  liquid  will  bo  de- 
pressed belo|ir  the  general  level|  or  will  not  enter  the 

lube  at  all 
It  has  been  proved  by  experiment^  that  water,  through 

the  force  of  capillary  attraction,  can  be  made  to  pass 

through  a  crevice  the  width  of  which  is  less  than  one 

half  of  the  millionth  of  an  inch. 

Notwithstanding  the  force  which  capillary  attraction 
exerts  to  cause  liquids  to  rise,  or  pass  into  tubes  of  small 
diameter,  it  can  not  of  itself  establish  a  flowage,  or  con- 
tinuous current.  If,  however,  a  part  of  the  liquid  be  re- 
moved from  the  end  of  the  capillary  tube  by  evaporation, 
or  other  agency,  an  additional  portion  will  be  pushed  for- 
ward by  capillary  force  to  supply  its  place,  and  in  this 
way  a  current  may  be  established. 

An  illustration  of  this  is  seen  in  the  case  of.  an  oil-lamp,  the  wick  of  which 
may  be  regarded  as  a  bimdle  of  capillary  tubes.  So  long  as  the  lamp  remains 
unligbted,  the  wick,  although  full  of  oil  never  overflows;  but  when  the  lamp 
is  lighted,  and  the  oil  burned  off  from  the  top,  a  current  is  at  once  created. 

Different  liquids  do  not  appear  to  be  equally  suscept- 
ible to  the  action  of  the  capillary  force.  Thus,  if  we  rep- 
resent the  height  to  which  water  will  ascend  in  a  capillary 
tube  by  100,  the  height  to  which  alcohol  will  ascend  in  the 
same  tube  will  be  only  40,  and  a  solution  of  common  salt 
in  water,  88. 

50.  Filtration. — The  process  of  filtration,  or  the  separa- 
tion of  impurities  from  liquids  by  straining,  or  filtering 
them  through  some  porous  substance,  is  the  result  of  the 


QussTXOKB. — Can  capillaiy  force  produce  a  current  of  liquid  through  the  pores  of  a  snb- 
.fltance  ?    Are  all  liquids  elevated  to  the  same  height  in  capillary  tnhes  f    Upon  what  doea 
\b«  prooesa  of  filtration  depend  ? 
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action  of  capillary  force.  The  pores,  or  interstices  which 
exist  between  the  particles  of  the  substance  used  as  a 
filter,  are  really  little  capillary  tubes  through  which  the 
liquid  passes,  leaving  the  solid  impurities  contained  in  it 
behind. 

WlioD  a  drop  of  ink,  or  chocolate  £ill8  upon  doth,  or  blotting-paper,  it  pro- 
duces a  dark  central  spot  surrounded  by  a  circle  of  a  paler  oolored  liquid. 
This  is  due  to  the  fact  that  the  particles  of  the  liquid  only  are  enabled  to  dIP> 
fuse  themselves,  or  ^  spread,"  as  it  is  termed,  through  the  pores  of  the  ma* 
leriaL  That  appearance  of  (he  skin  which  accompanies  a  contusion,  and  is 
termed  "  black  and  blue,"  is  a  similar  phenomenon — the  result  of  a  separation 
of  the  coloring  and  denser  matters  of  the  blood  irom  the  wateiy  portions,  bj 
a  process  of  filtration  through  the  pores  of  the  tissues. 

In  chemical  operations,  coarse  sand,  or  cloth,  is  sometimes  used  to  form 

filters,  but  most  generally  a  variety  of  porous,  or  unsized  pi^r  (blotting^ 

aper),  is  employed.     Writing-paper  can  not  be  used  for  filtration,  as  its  pores 

are  filled  up  witii  glue^  or  starch.    Por  a  like  reason,  ink  does  not  "  spread" 

on  this  kind  o£  paper. 

A  paper  filter  is  prepared  by  folding  a  circular  piece  of  unsized  paper  into 
the  form  of  a  /quadrant,  which  is  then  opened  to  form  a  cone.  It  is  generally 
fitted  into  a  fiinnel,  which  is  supported  upon  a  stand.    (See  Fig.  12.) 

I^a.  12. 


V 


A  filtered  liquid  is  termed  ^flirate. 
51.  En'dosmogis.— When  two  liquids  which  are  capable 
of  mixing  with  each  other,  as  alcohol  and  water,  are  sep- 


QmunoiTB.— .Whf  can  not  ^*  rized,**  or  writing-paper,  be  need  for  flltratioD  f    Hoir  fa  a 
paper  filter  prepared  ?    What  is  a  filtrate  ?    What  is  endosmosis  ? 
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anted  by  a  Bubetance,  or  partition  which  is  porous,  each 
vill  pasB  through  the  partition  in  opposite  (lirectioos,  in 
order  to  mix  with  the  other.  The  exchange,  however, 
always  takes  place  in  unequal  proportions,  so  that  the 
volume  of  one  liquid  increases  while  that  of  the  other 
diminishes.  This  pheoomenoa  is  known  hy  the  name 
of  Endoamoaia. 

The  name  Emioirnoae,  derived  from  tlie  Greek,  and  aigDifying  "to  go  in," 
is  q>pUed  to  designate  the  atronger  cuTrenl,  because  it  penetrates  into  the 
oppoale  liquid ;  wbile  the  name  Exomtote,  which rigmOes  "to go  mi,"  \a  ap- 
plied to  the  weaker  currmt. 
The  phenomena  of  endoBmoda  may  be  illnaCratad  by  the  fbllowing  ex- 
Fig  13  parimenta: — If  same  alcohol  be  placed  in  a 

bladder,  the  neck  of  which  ia  tightly  tied, 
and  the  bladder  be  sunk  in  a  veasel  of 
water,  the  water  will  pass  into  the  bladder 
to  such  an  extent  as  to  distend  it,  even  to 
bnrsting. 

The  aame  result  may  bo  also  shown  mors 
eSbctivriy  by  means  of  na  Inatn^meot  called 
the  endoemomeler.     Thia  conaiBts  (see  Y^. 
13)  of  a  bladder  filled  with  alcohol,  which 
is  tightly  belened  to  one  end  of  a  tube  and 
inserted  in  a  vessel  of  water — the  tube  being 
sustained  in  a  vertical  position.    As  the 
water  introduces  itself  through  the  pores 
of  the  bladder  the  liquid  rises  in  the  glass 
tube,  and,  if  the  action  be  continued  suffi- 
ciently long,  it  will  rise  to.  the  top  and  over- 
flow.    Such  an  Instrument  as  tiiis  may  be 
kept  in  operation  a  long  time,  the  liquid 
flowing  continually  over  the  top  of  the  tube. 
At  the  same  time  that  the  water  is  passing 
%  traa  without  into  the  bladder  to  reach  the 
W  aloohol,  a  very  small  quauti^  of  alcohol  is 
I  paatiog  through  the  bladder  in  a  coutrair 
direction  to  reach  the  water. 
The  ezplanatiMi  of  this  phenomenon  of  endosmoids  is  as  follows ; — The 
poru  of  the  Idadder,  or  any  other  like  sabstaoce,  are  merely  short  ca^oUaiy 
tnfaee  thnnigh  which  the  water  passes  by  the  ibrce  of  cafnllaiy  attraction. 
If  the  bladder  be  distended  with  air  and  sunk  under  water,  the  water  will  fill 
the  tubes,  but  will  not  discharge  itself  in  the  Interior,  nnoe  capDlary  force 

ttmanom.— WliU  li  Ibe  origin  ud  dwlntlan  of  Iha  uim  T    Wfait  eiperlmuti  ma*- 
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alone  can  not  establish  a  oontinuoYis  moTement  Bat  when  the  bladder  ia 
filled  with  alcohol,  the  case  is  different ;  since  the  alcohol  dissolres  awaj  the 
water  as  fast  as  it  reaches  the  interior,  and  thus  produces  a  constant  and  rapid 
qurrent 

The  reason  that  the  water  passes  in  more  rapidly  than  the  alcohol  passes 
otUy  is  due  to  the  fact  that  the  water  adheres  more  strongly  to  the  walls  of 
the  bladder  than  the  alcohol  doee-^and  of  any  two  liquids,  that  which  most 
freely  wets  the  porous  dividihg  partition  will  always  flow  in  the  stronger 
current 

Any  two  liquids  may  be  used  to  exhibit  the  action  of  endosmosis,  provided 
that  they  have  different  degrees  of  attraction  for  the  bladder,  and  a  strong 
tendency  to  mix  with  each  other.  Thus,  in  the  above  experiment  a  solution 
of  gum,  of  salt,  or  of  sugar  in  water,  might  have  been  substituted  in  place  of 
the  alcohol. 

Very  thin  plates  of  slate-stone,  or  of  baked  day,  may  be  also  used  in  place 
of  a  bladder,  or  membrane. 

The  force  with  which  a  liquid  will  pass  through  a  pore 
to  mingle  with  another  liquid  beyond  is  very  great— oc- 
curring in  3ome  instances  in  opposition  to  a  pressure  of 
from  forty  to  seventy  pounds  upon  a  square  inch. 

An  India-rubber  bottle,  filled  with  sulphuric  ether,  and  carefully  closed, 
will  gradually  empty  itself  if  placed  in  either  alcohol  or  water.  If  filled  with 
alcohol,  it  distends  itself  in  ether,  but  empties  itself  in  water;  if  filled  with 
water,  it  distends  when  placed  in  either  alcohol  or  ether. 

If  a  bladder  containing  equal  parts  of  alcohol  and  water  be  hung  up  in  the 
air,  the  water  will  gradually  escape  through  the  membrane,  leaving  the  strong 
spirit  behind.  In  the  same  manner,  if  strong  alcohol  be  placed  in  a  wine- 
glass covered  with  porous  paper,  the  water  contained  in  it  escapes,  and  the 
spirit  increases  in  strength. 

Endosmotic  action  exercises  an  important  influence  in 
many  of  the  operations  of  chemistry^  and  of  animal  and 
vegetable  life. 

The  power  which  plants  possess  of  absorbing  nutritive  matter  from  the 
soil,  through  the  delicate  fibers  of  their  roots,  is  supposed  to  be  due  in  part 
to  the  action  of  endosmosis. 

All  nutriment  taken  up  by  the  organs  of  the  body,  reaches  the  interior  of 
the  system  by  passing  through  animal  membranes  in  the  fiuid  state.  Tire 
food  we  eat  passes  from  the  mouth  through  the  throat  to  the  stomach.  The 
structure  of  the  membranes  which  line  the  throat  is  such,  that  fiuids  can  not 
pass  through  them,  but  the  walls  of  the  stomach  and  of  the  intestines  are 

QinESTioirB. — ^What  determines  the  rapidity  of  tfae  tiro  cnrrents  in  endosmotic  action  f 
Under  wliat  circumstanoes  will  different  liquids  exert  this  action  ?  Does  endosmosis 
exert  an  inila«poe  npon  chemical  and  physiological  operations?  What  are  illnstrations 
of  this  fact? 
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difl^nttj  Donstituted,  aod  at  these  poiiits  endoamolio  aotioD  ii  ooittiDiulI/ 
and  euergeticoUf  goiog  on  witbin  ub, 

Endosmotic  action  takea  place  between  different  gases 
much  more  powerfully  thua  between  different  liquids.  No 
matter  what  the  thickness,  or  thinness  of  the  porous  sub- 
stance separating  two  gases  may  be,  currents  are  estab- 
lished through  it,  until  the  media  on  both  sides  have  ttw 
eame  chemical  composition. 

The  following;  nmido  experiment  abowB  this  action  :^— If  we  tie  over  tlw 
mouth  of  a.  glaaa  jar  filled  with  carbonic  add  gaa,  a  thin  ebeot  of  ladla  nibbor, 
tnd  expose  tho  whole  to  the  air,  the  car>  Ij^     , , 

bonic  acid  wUl  pasa  out  ao  Cist  that  the 
cover  will  be  depressed  bj  the  eilemal 

pressure  of  the  atmosphere  almost  to  the  ' — 

bottom  of  the  jar.     (See  a,  Fig.  li.)    U, 

OH  the  conffary,  we  fill  the  jar  with  air, 

and  place  it  in  an  atmosphere  of  cait)onio 

add,  the  moveoiont  ttdres  place  in  an   (  n 

o[^)08ite  direction — a  little  tit  Sows  out 

of  the  bottle  iota  the  carbonic  add,  but  so 

large  a  quantity  of  the  gas  passes  t^ 

opposite  way,  that  the  India  rubber  swells 

out,  and  caps  the  bottle  like  a  dome.    (See 

*,  Fig.  14.)" 

52.  Diffusion  of  Giiet.— Connected  with  this  subject 
is  another  interesting  class  of  phenomena,  known  as  the 
diffusion  of  gases. 

When  two  liquids  which  are  wanting  in  any  attraction 
for  each  other,  as  oil  and  water,  are  mixed  together,  they 
separate  after  standing  at  rest,  and  arrange  themselves 
according  to  their  specific  gravities,  the  heaviest  at  the 
bottom  and  the  lightest  at  the  top.  If,  however,  a 
light  and  heavy  gas  are  once  mixed  together,  no  sepa- 
ration takes  place,  but  the  two  remain  permanently  in- 
termingled. 

It  has  also  been  found  that  every  gas,  or  gaseous  mix- 
ture, possesses  the    power    of  diffusing   itself  equally  ■ 
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throogli  every  otber  gas  wiih  which  it  is  brought  in  con- 
tact, aod  this,  too,  in  oppositioD  to  the  actioD  of  their 
weight,  or  gravity. 

ju-   ,«  Thus,  carbonic  acid  gas  it  twenty-two  times  beavier  than 

hjdn^en  gaa,  but  if  a  jar  filled  with  hydn^n  be  placed  with 
iU  moutb  downward  over  the  mouth  of  a  Jar  &Ued  with  car- 
bonic acid,  as  shown  in  Fig.  16,  the  two  wiU  diOtise  tliem- 
BeWea  bo  completely  that  in  ■  few  momeata  each  jar  will  I'on- 
tain  equal  qnantttiea  of  both  gases. 

Each  gas  appears  to  act  as  void,  or 
empty  space  for  another,  or,  in  other  words, 
it  spreads,  or  expands  into  the  space  occu- 
pied by  another  gas,  as  if  it  were  a  vacuum. 
The  same  law  applies  also  to  vapors. 

Thus,  aa  much  Eteam  can  be  forced  into  a  space  filled  with 
dry  air,  as  into  »  space  absolutely  deroid  of  air,  or  any  other 
Bubatance. 

This  force,  iv  law,  regulating  the  diffusion  of  gase^  is  one 
of  great  practical  imporbutce  in  the  operatiooH  of  nature,  and 
is  ollen  referred  to  as  a  moat  remarliable  evidence  of  design 
on  the  part  of  the  Creator.    Thoa,  carbonic  acid,  wbicta  is  a 
deadly  pdsou  when  inhaled,  is  one  and  a  half  tunea  heavier  than  commm 
air.    The  atmosphere  contains  about  one  part  in  two  thousand  d*  Uiis  ga^ 
imiibnnly  diffused  throu^  it — the  salae  quaotitj  b^g  present  in  air  col- 
lected OS  the  tops  of  the  highest  mountains  and  on  the  level  surbce  of  the , 
earth.    If  the  law  which  produces  such  a  complete  diflbraon  were  mspended, 
this  heavy  gas  would  accumulate  under  the  mfluence  rf  gravitation  as  a  bed 
or  layer  in  the  lower  part  of  the  atmosphere,  and  render  the  immediate  sur- 
ges of  the  earth  uninhabitable. 

By  reason  of  this  same  law  of  diFTusion,  the  carbonic  acid  gas  which  Ja 
abundantly  tbrmed  In  every  process  of  combustion  and  in  respiration,  and  the 
noxiouB  gaaea  discharged  from  sewerx,  and  Ttom  all  decaying  matter,  are  si- 
lently and  speedily  dispersed,  and  prevented  Irom  accumulating. 

The  equable  diflfljBiOD  of  va^ior  of  water  through  the  atmosphere.  In  ac- 
cordance with  the  same  law,  is  no  lens  important  than  the  difflision  of  gaaea 
But  Sir  sach  difilisioD,  the  whole  sur&ce  of  the  earth  would  have  assumed 
the  condition  of  an  arid  desert  Water  is  800  times  mora  dense  than  air,  yet 
the  particles  of  water  in  the  form  of  vapor  ascend  into  the  atmosphere,  and 
diflhsing  themselve*  everywhere  throughout  its  substance,  give  rise  to  the 
phenomena  of  dew  and  rain. 

It  is  Uirouf^  Qie  operation  of  this  principle,  also,  that  we  are  enabled  to 

QuHmoHs.— Whit  prKUBl  bfliring  hu  the  Ihw  of  dlllntlon  npon  the  eoriUinaoii  of 
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perodye  and  enjoy  at  a  distance  the  fragrant  odors  which  arise  firom  volatile 
sabfitanoes ;  and  were  its  action  sospended,  the  sense  of  smell  would  be  nearlj 
unknown  to  ns. 

53.  Diffusion  of  I iqn ids.— Liquidsof different densi ties, 
wliich  are  Busceptiblo  of  mixing,  will,  when  brought  in 
contact,  gradually  become  intermingled,  by  a  law  some- 
what resenabling  that  which  governs  the  diffiision  of  gases. 

Thnsj  if  pure  water  be  carefully  poured  upon  a  strong  aolution  of  salt  or  of 
sugar,  the  lighter  fluid  will  at  first  float  upon  the  sur&oe  of  the  heavier ;  l>ut 
after  a  time  the  two  will  mingle  together  more  or  less  uniformly.  In  like 
manner,  a  drop  of  ink,  or  other  similar  coloring  matter,  will  di£f\28e  itself 
through  a  large  quantity  of  water. 

54.  Solntion. — When  the  adhesion  between  the  parti- 
cles of  a  solid  and  those  of  a  liquid  is  more  powerful  than 
the  force  of  cohesion  which  binds  together  the  particles  of 
the  solid,  the  power  of  cohesion  will  be  entirely  overcome, 
or  suspended,  and  the  substance  is  said  to  dissolve,  or 
undergo  solution  in  the  liquid.  In  this  way  sugar  or  salt 
dissolves  in  water,  rosin  or  camphor  in  alcohol,  and  lead 
or  silver  in  mercury. 

A  body  is  said  to  be  insoluble  when  the  adhesive  force 
exerted  by  a  liquid  upon  its  particles,  is  not  strong 
enough  to  overcome  the  cohesive  force  which  binds  them 
together. 

Any  thing  which  weakens  the  force  of  cohesion  in  a  solid  favors  solution. 
Thus,  if  a  substance  be  reduced  to  a  powder,  it  dissolves  more  quickly,  both 
from  the  larger  extent  of  surface  which  it  exposes  to  the  action  of  the  liquid, 
and  fiom  the  partial  destruction  of  cohesion  between  its  particles.  In  the 
same  way  heat,  by  diminishing  the  force  of  cohesion,  generedly  promotes  the 
process  of  solution.  Some  substances,  however,  as  lune,  for  example,  dis* 
solve  more  freely  in  cold  than  in  warm  water. 

65.  Saturation. — When  a  liquid  has  dissolved  as  much 
of  a  solid  as  it  is  capable  of  doing,  it  is  said  to  be  satu- 
rated. When  this  occurs,  the  force  of  adhesion  between 
the  liquid  and  the  solid  becomes  reduced  to  an  equality 
with  the  force  of  cohesion  between  the  particles  of  the 
solid,  and  the  act  of  solution  ceases. 

QuBmoNS. — ^What  is  nndentood  hy  the  dUItasion  of  liquids  f  What  are  iUiistratfoiis  oi 
liqoid  diffosion  f  What  is  solution  f  When  is  a  body  said  to  be  insoluble  1  What  dr- 
eomstanoes  lavor  the  soludon  of  a  solid  ?    What  is  saturation  f 
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56.  FreeipitatioB. — When  a  solid  body  dissolves  in  a 
liquid,  the  property  of  cohesion  is  not  destroyed,  but 
merely  overcome,  or  suspended  by  the  superior  force  of 
adhesion.  If  this  latter  force  is  in  turn  weakened,  or 
overcome,  the  force  of  cohesion  acquires  an  ascendancy, 
and  the  particles  in  solution  unite  again  to  form  a  solid. 
A  solid  thus  reproduced  and  separated  from  a  liquid^  is 
called  a  Precipitate. 

Thus,  the  oommon  solution  of  camphor  is  formed  by  diasolying  the  camphor 
gum  in  aloohoL  If  water  be  added  to  this  solution,  the  alcohol  at  once  mixes 
with  the  water,  and  abandons  the  camphor,  which  immediately  resumes  its 
solid  form,  and  falls  to  the  bottom  of  the  vessel — ^it  is  precipitated. 

The  precipitation  of  a  solid  from  its  solution  may  also  be  effected  by  several 
other  methods : — 

Especially  may  this  be  accomplished  by  changing  the  character  of  the  sub- 
stance held  in  solution,  by  bringing  in  contact  with  it  another  body  with- which 
it  is  able  to  unite  chemically,  and  form  an  insoluble  compound*  Thus,  lime 
is  somewhat  soluble  in  water,  but  if  we  bring  carbonic  acid  gas  in  contact 
with  it  while  in  solution,  the  two  substances  unite  together  by  the  action 
of  the  chemical  force  of  affinity,  and  overcome  the  adhesion  which  the  water 
previously  had  for  the  lime.  The  compound  of  carbonic  acid  and  lime  thus 
produced,  being  solid  and  insoluble,  is  immediately  precipitated. 

The  above  case  illustrates  a  general  law  in  chemistry,  which  may  be  stated 
as  follows : — 

Two  substances  which,  when  united,  form  an  insoluble 
compound,  generally  combine  and  produce  the  same  com- 
pound when  they  meet  in  solution. 

This  law  is  practically  taken  advantage  of  in  chemical  operations  for  sepa- 
rating the  different  constituents  of  a  compound  from  each  other,  or  for  detect- 
ing the  presence  of  a  body  when  in  solution  with  other  substances.  Thus,  if 
.  it  is  desirable  to  know  whether  a  perfectly  dear  spring- water  contains  lime^ 
carbonic  acid  gas  is  introduced  into  it.  This  imiting  immediately  with  the 
lime,  forms  an  insoluble  compound,  which  is  precipitated.  On  the  other  hand, 
by  reversing  the  process  and  introducing  a  solution  of  lime,  we  may  be  able 
to  detect  the  presence  of  carbonic  acid  under  the  same  circumstances. 

The  depres^km  of  the  temperature  of  a  solution  will  sometimes  cause  the 
cohesion  of  the  particles  of  the  solid  dissolved  to  acquire  an  ascendancy  over 
the  force  of  adhesion.    Thus,  alum  dissolved  in  hot  water  will  resume  in  part 


QuBsnoxs — ^What  is  a  precipitate  ?  Gire  an  illnRtration.  How  may  precipitation  be 
effected  by  changing  the  character  of  a  substance  f  What  general  law  governs  the  precipi- 
tation  of  substanoea  from  their  solations  f  How  is  this  lav  imetieally  applied  in  chemical 
operations  f  How  may  preeipitatton  be  effected  throagh  a  depreasioa  of  tiie  temperatara 
of  a  solution  i 
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its  solid  form  as  the  solution  is  cooled;  and  when  brandy  is  exposed  to  in- 
tense cold,  many  degrees  beldw  that  necessary  to  freeze  water,  the  spirit- 
uous portion  retains  its  liquid  form,  and  separates  from  the  aqueous  part, 
which  solidifies  as  ice. 

A  remarkable  illustration  of  tliis  action  is  to  be  found  in  the  Ibct  that 
ice  formed  by  the  freezing  of  sea-water  is,  under  all  ordinary  drcumstancoSy 
fresh,  and  entirely  destitute  of  salt  The  great  ice-fields  which  cover  the 
ocean  in  the  Arctic  .and  Antarctic  regions,  are  always  composed  of  fresh-water 
ice.  Indeed,  water  in  the  act  of  freezing  separates  completely  from  every 
thing  which  it  previously  held  in  solution.  Even  the  air  contained  in  water 
is  expelled  in  the  act  of  freezing,  and  becoming  entangled  in  the  thickenmg 
fluid,  gives  rise  to  the  minute  bubbles  generally  observed  in  blocks  of  ice. 
For  a  like  reason,  the  ice  formed  by  the  congelation  of  a  solution  of  indigo 
is  colorless. 
.   Elevation  of  temperature  will  also  effect  the  separation  of  bodies  in  solution. 

When,  for  instance,  a  ift>lution  of  common  salt  in  water  is  exposed  to  the 
action  of  heat,  the  repulsive  power  of  this  agent  overcomes  not  only  the 
cohesion  of  the  water,  but  also  its  adJiesion  to  the  salt;  the  water  assumes 
the  sriform  state,  and  passes  off  as  steam,  while  the  salt,  deprived  of  its 
solvent,  resumes  the  solid  state. 

57.  Solntion  and  Chemical  Combination.— A  clear  dis- 
tinction exists  between  a  Bolution  and  a  chemical  combi- 
nation, which  latter,  in  ordinary  language,  is  often  termed 
a  solution. 

A  simple  solntion  is  occasioned  by  the  action  of  the 
force  of  adhesion  exerted  between  the  particles  of  the  solid 
and  the  liquid  with  which  it  is  brought  in  contact.  In  all 
cases  of  simple  solution,  the  properties  of  both  the  solid 
and  the  liquid  are  retained. 

Thus  sugar,  whether  in  a  mass  in  the  hand,  or  dissolved  in  water,  is  the 
same  substance ;  so  also  when  camphor  is  dissolved  in  alcohol,  the  solution 
partsikes  of  the  properties  of  both,  having  the  smell  and  taste  of  both  cam- 
phor and  spirit.  . 

When  a  solid  disappears  in  a  liquid  through  the  influ- 
ence of  a  chemical  force  exerted  between  the  particles  of 
the  two  substances,  the  compound  is  not  a  true  solution, 
but  a  chemical  combination,  in  which  the  properties  of 
both  the  solid  and  liquid  are  essentially  changed. 


QunnoirB. — What  iire  fllnstratlons  of  thlg  principle  ?  Why  Is  loe,  fnrraed  \ry  the  frees* 
iiig<»f  sea-water,  fresh  f  What  Is  the  ooeaolon  of  the  natnerons  hnbMas  ohsenred  in 
Mocks  of  loe  f  How  may  predpltatton  he  elfected  hy  an  deralion  of  temperature  ?  State 
and  Ulostrate  the  diff jrenoe  betweoo  solutiou  and  ohemieal  oomhinatiaa. 
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Thus,  iron  placed  in  dfluted  acid  disappears  in  it,  but  the  resulting  liquid 
does  not  contain  finely  divided  iron,  but  a  finely  divided  compound  of  iron 
and  the  add,  which  possesses  entirely  different  properties  fit>m  either  of  its 
constituents. 

Solution  differs  also  fitnn  chemical  combination  in  the  varying  proportions 
in  which  it  occurs,  according  to  temperature,  eta  Thus,  a  given  quantity  of 
water  at  the  boiling  temperature  will  dissolve  nearly  four  hundred  times  moro 
saltpetre  than  it  can  at  a  temperature  of  GO^' ;  but  in  chemical  combinations 
the  proportions  in  which  bodies  unite  are  fixed  and  invariable. 


'  SECTION    IV. 

CBTSTALLIZATIOir. 

58.  Crystals. — Tbe  particles  of  most  substances,  in  pass- 
ing from  a  liquid  to  a  solid  condition,  have  a  tendency  to 
arrange  themselves  into  regular  and  symmetrical  foims, 
each  different  substance  assuming  always  a  peculiar  shape, 
from  which  it  never  essentially  varies.  Such  regular  geo- 
metrical solids  are  termed  Crystals. 

The  number  of  known  crystalline  forms  is  much  smaller  than  the  num- 
ber of  substances  which  are  capable  of  crystallizing,  and  it  therefore  follows 
that  crystals  of  various  kinds  of  matter  may  possess  the  same  form.  No 
substance,, however,  has  ever  been  found  to  bo  capable  of  assuming  indiffer- 
ently any  form,  but  most  substances  are  restricted  to  one  form  of  crystal 
and  its  modifications.  This  circumstance  enables  us,  very  often,  to  identify 
a  substance,  or  determine  its  composition,  simply  by  the  shape  of  its  crystals. 
For  example,  common  salt  always  crystallizes  in  cubes,  alum  in  octohedrons, 
saltpeter  in  six-sided  prisms,  Epsom  salts  in  four-sided  prisms,  and  so  on. 

59.  Amor'phous  ^Bodies. — A  solid  whose  particles  are  ar- 
ranged irregularly,  and  which  possesses  no  definite  exter- 
nal form,'  is  said  to  be  amorphous  (t.  c,  without  form). 

Every  solid  body  is  either  amorphous,  or  crystalline,  and  many  bodies  exist 
in  both  of  these  conditions.  Thus,  carbon,  in  the  form  of  charcoal  and  lamp- 
black, is  amorphous,  but  in  the  form  of  the  diamond  it  is  crystalline. 

60.  Formation  of  Crystals.— The  usual  method  of  ob- 
taining crystals  is  to  form  a  strong  solution  of  the  sub- 
stance in  hot  water,  as  most  bodies  dissolve  more  freely  in 
water  when  it  is  at  an  elevated  temperature  than  when 


QvBsnoKBr-What  are  cryBtals  ?  Can  a  rabstanee  in  erTStalliEing  aMume  indifferently 
any  form  ?  What  are  amorpbons  bodies  f  Can  a  snbetanee  be  both  crystalline  and  amor- 
phona  ?    Wbat  ia  the  osaal  method  of  obtaining  orystala  f 
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colJ.  As  the  liquid  cools,  and  the  force  of  cohesion  gra- 
dually begins  to  resume  the  ascendancy,  the  Beparsted 
particles  of  the  solid  have  time  to  select,  as  it  were,  the 
arrangement  they  will  assume,  and  crystals  are  formed. 

When  a  solid  is  melted,  or  made  to  assume  a  liquid 
form  by  heating,  and  allowed  to  cool  quietly,  its  particles 
also,  in  most  inetances,  assume  a  crystalline  arrangement. 

niustrations  of  this  may  be  seen  in  the  crjrBtalUne  tracttue  of  zinc  and 
uitimoDf ■    Sulphur,  aJsc^  ciyatallizes  beautiiilltj  on  cooling  a/ler  tusion. 

Water,  in  freezing,  or  asaiuning  the  solid  condition,  often  sboota  into  beau- 
tiful crystals,  as  may  be  seen  hy  examiring  the  Bnow-flakee  which  Sa\l  dur- 
ing a  period  of  intense  cold,  beneath  a  microscope.  These  crystals  m^ 
tiao,  under  &vorable  circumstances,  bo  seen  -with  the  naked  eye,  by  pladtig 
tlie  flake  upon  a  dark  body  cooled  bekiw  31°  F.  Fig.  16  repreeSats  sono  of 
tbe  varied  aod  beautiful  forms  of  snow  crystals. 
FiQ.  16. 


The  same  crystals  which  appenr  in  imow,  exist  also  in  ice,  but  they  are 
so  blended  together  that  their  syinmetrr  is  lo«  in  the  compact  mass.  When 
WBler  freezes,  its  particles  all  arrange  themselves  in  ranks  and  liuee  which 
cross  each  other  at  angles  of  60  and  120  degrees.  This  may  be  seen  by 
examining  the  suriace  of  wat«r  in  a  saacer  while  freezing. 

If  we  fracture  thin  ice,  by  allowing  a  pole,  or  weight  la  fall  upon  It,  tha 
fracture  will  have  more,  or  tesa  of  regularity,  being  generally  in  the  form  of 
a  star,  with  six  equidistant  radii,  or  angles  of  60°. 

Another  beautifhl  illustration  of  the  crystallization  of  water  in  freezing,  is 
Men  in  Uie  frost'wotk  upon  windows  in  winter,  caused  by  the  congelation 

QimTioirB,— WbitpecnUtrltieaiif  crystalllitilloD  doe!  ntorpreHnI  InfresiingT  Hu 
lee  ft  cryflUlllnB  slTnctQTe  f  Wlub  ouaitoDfl  th<  ^rmmotrfca]  »Tr«ag;omeiit  of  Aroit-voffc 
upon  wlndDHB,  ate;,  !■  vlntor! 
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of  the  vapor  of  the  room  when  it  oomes  m  contact  with  the  cold  snrfhcd  of 
the  glass.  All  these  frost-work  figures  are  limited  by  the  laws  of  crystalli- 
sation, and  the  lines  which  bound  them,  form  among  themselyes  no  angles 
but  those  of  30<>,  60<>,  and  120^ 

When  a  substance  has  been  converted,  through  the  ac- 
tion of  heat,  into  a  vapor  or  gas,  and  then  by  cooling  is 
caused  to  change  back  again  at  once  into  the  solid  state, 
its  particles  arrange  themselves  so  as  to  form  crystals. 

Thus,  camphor,  or  sulphur,  if  heated  in  a  glass  tube,  will  be  first  con- 
verted into  vapor,  and  then  deposited  in  a  ring  of  crystals  higher  up,  at  the 
first  point  where  the  temperature  is  sufficiently  low. 

In  general,  it  is  important  to  the  process  of  crystalliza- 
tion that  the  liquid  from  which  the  solid  body  is  separating 
should  not  be  shaken  or  disturbed,  but  when  the  forces 
of  cohesion  and  adhesion  aro  nearly  balanced,  as  in  a  sat^ 
urated  solution,  it  seems  necessary  that  some  slight  mo- 
tion should  be  given  to  the  liquid  in  order  to  initiate  the 
jirocess,  which  does  not  commence  at  all  in  a  state  of 
absolute  rest. 

Thus,  a  saturated  hot  solution  of  Grlauber's  salt,  if  allowed  to  cool  in  per- 
fect stillness,  will  remain  liquid  as  long  as  the  stillness  is  preserved,  but 
the  slightest  movement  or  tremor— even  a  wave  of  the  hand  through  the 
air  in  its  vicinity — will  instantly  transform  the  solution  into  a  solid  mass, 
some  of  {he  water  entering  into  the  composition  of  the  crystals,  and  some 
being  retained  by  interstices  in  their  structure.  In  the  same  manner,  water 
may  be  cooled  eighty  or  ten  degrees  below  the  freezing  point  and  yet  remain 
liquid ;  but  the  slightest  disturbance,  even  a  vibration  of  the  vessel,  will 
cause  it  to  freeze  (crystallize)  instantaneously. 

The  more  slowly  a  liquefied  body  is  brought  back  to  a 
solid  state,  and  the  more  the  liquid  is  kept  at  rest  after 
the  process  of  crystallization  has  commenced,  the  smaller 
will  be  the  number  and  the  larger  the  size  of  the  crystals 
produced  ;  but  when  the  solution  is  caused  to  solidify  very 
quickly,  the  crystals  are  numerous,  but  small  and  imper- 
fect. 

In  the  first  case  the  particles  of  the  solidifying  body  have  time  to  arrange 
themselves  regularly  upon  each  other ;  but  in  the  latter  instancei  the  solidifi- 


QnxsnoNS. — Under  what  other  eireomstaneeB  may  eryftallizatioii  take  place  f  What 
are  important  requisites  in  the  process  of  crystallization  f  What  facts  illustrate  these  oen- 
ditlons  f    Under  what  circumstances  will  crystals  be  perfect^  and  when  imperfect  t 
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cat<on  takes  place  so  rapidly  that  the  particles  attach  themselyes  irregfolarly, 
and  interlace  with  each  other  in  every  direction.  In  this  consists  the  differ- 
ence between  "  sngar/'  or  **  rock  candy''  and  loal^  or  granulated  sugar ;  be- 
tween the  fine  grained  statuary  marble  and  crystallized  **  spar." 

Crystals  have  always  a  tendency  to  £Ei8ten  npon  any 
foreign  substance  that  occupies  a  piominent  position  in 
the  liquid  which  affords  them,  a  ^circumstance  which  is 
applied  to  many  useful  purposes  in  the  arts. 

Illustrations  of  this  are  seen  in  the  formation  of  the  somewhat  fiimiUar  or- 
nament known  as  the  "  alum  basket,"  and  in  the  strings  which  are  stretched 
across  the  vessels  in  which  pure  scdutions  of  sugar  crystallize  in  the  manu- 
facture of '  *■  rock  candy."  When  only  two  or  three  very  minute  crystals  can  bo 
deposited,  it  is  usual  to  place  a  piece  of  thread  or  some  other  suitable  sub- 
gtance  in  the  liquor ;  and  upon  this  support  the  crystals,  if  anywhere,  will  be 
found.  In 'this  way  the  chemist  is  enabled  to  draw  together  and  collect 
readily  the  smallest  quantities  that  can  be  thrown  down  fix>m  a  solution. 

Nothing  can  be  more  beautiful  than  to  watch  the  progress  of  crystallizatioQ 
as  it  takes  place  when  we  suspend  a  series,  or  network  of  threads  in  a  hot 
satorated  solation  of  alum,  and  then  allow  the  liquor  to  cool  slowly.  The 
minute  invisible  atoms  are  gradually  drawn  together  toward  the  foundation 
thus  afforded,  and  presently  little  ghttering  specks  may  be  discerned  entan- 
gled among  the  fibers^  or  studding  the  network  of  the  threads.  If  the  pro- 
cess be  weU  managed,  these  specks  increase  steadily  in  size,  by  the  regular 
addition  of  fresh  atoms  to  every  part ;  but  if  the  temperature  be  not  attended 
to,  or  the  solution  be  improperly  disturbed,  they  increase  chiefly  in  numbers, 
and  the  larger  crystals  are  apt  to  be  disfigured  by  adhering  to  small  ones.* 

61.  Pnrlfication  by  CrystallixatioH.— A  substance  in 
crystallizing  has  a  tendency  to  purify,  or  separate  itself 
from  any  foreign  substances  which  may  have  been  mingled 
with  it.     Crystalline  form  is,  therefore,  to  some  extent,  a 


*  "  The  beaatlful  crjrstalUne  masses  that  are  sometimes  seen  In  draggists*  windows, 
can  not  be  prodaced  without  the  greatest  care  and  attention,  each  crystal  being  separated 
from  the  liquor  when  it  has  attained  a  sufficient  size,  and  being  pla(»d  alone  in  a  shaUow 
pan,  perfectly  glased,  at  a  temperature  careftilly  regulated,  and  under  a  solution  of  a 
specified  streogth.  It  is  then  turned  over  from, day  to  day,  as  otherwisei  the  face  in  con- 
tact with  the  pan  would  be  prevented  from  increasing,  and  a  deformed  crystal  would  re- 
suit.  It  ia  also  carefully  supplied  with  fresh  solution  i^om  time  to  time :  because,  if  that 
around  it  were  exhausted,  its  most  prominent  angles  would  be  re-dissolved.  By  neglect- 
ing these  precautions,  deformed  or  monstrous  crystals  are  obtained,  and  are  exhibited, 
peiiiapa,  as  often  as  the  perfect  ones.  Crystalline  masses  of  the  blue  sulphate  of  copper, 
the  red  ebromate  of  potash,  of  alum,  and  some  other  chemical  compounds,  may  be  pro* 
duoed  of  almost  any  magnitude  that  is  desired.** 

QumnowB. — ^How  does  interrupted  crystalliEatton  affect  the  physical  character  of  a 
body?  What  curious  tendency  do  crystiJs  exhibit  in  separating  from  a  solution  t  What 
practical  application  of  this  is  made  in  the  arts  f 
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guaranty  of  purity,  or  at  least  of  the  absence  of  adultera- 
tion ;  and  hence,  in  medicine,  and  in  the  arts,  many  sub- 
stances are  subjected  to  tedious  and  expensive  processes  for 
no  other  purpose  than  to  cause  them  to  assume  this  Ibrm. 

Sea- water,  in  additioa  to  salt,  contains  a  variety  of  other  sabstaacefl,  but 
by  the  process  of  ey^iporating  the  sale  water  and  crystallizing  the  salt^  most 
of  these  impurities  are  separated.  A  single  crystallization  gives  the  salt  suf- 
ficiently pure  for  commercial  purposes,  but  to  lend&t  it  perfectly  pure,  it  is 
necessary  to  re-dissolve  the  first  crystals  in  pure  water  and  repeat  the  pro- 
oess  of  crystallization  several  times. 

This  principle  may  be  demonstrated  by  a  simple  experiment  If  we  dis- 
solve a  small  quantity  of  common  salt  and  saltpetre  in  warm  water,  and  al- 
low the  solution  to  evapcurate  slowly,  the  two  substances,  which  are  intimately 
united  in  the  solution,  will  separate  completely  from  each  other  in  crystals 
liziag — ^the  saltpetre  assuming  the  icrm  of  long  needles  or  pristns,  and  the 
common  salt  the  form  of  cubes.  It  is  in  this  way  that  saltpeter  is  purified 
preparatory  to  being  used  in  the  manu&cture  of  gunpowder. 

If  two  bodies,  however,  which  crystallize  in  the  same 
form,  be  mingled  in  solution,  they  can  not  be  separated 
from  each  other  by  crystallizatioD. 

The  difference  in  the  crystallizing  properties  of  silver  and  lead  has  been 
taken  advantage  of  in  a  recent  invention  for  separating  a  small  quantity  of 
silver  which  exists  in  almost  all  the  ores  of  lead.  The  two  metals  are  melted 
and  allowed  to  cool  slowly ;  the  silver,  forming  into  crystals  more  easily  than 
the  lead,  solidifies  first,  and  the  lead  remaining  is  poured  o£ 

62.  Change  in  Bulk. — Many  substances  in  crystallizing, 
or  in  passing  from  a  liquid  to  a  solid  state,  experience  a 
change  in  bulk. 

Water,  at  the  moment  of  congelation,  increases  in  bulk,  and  expands  with 
an  almost  irresistible  force.  As  an  illustration,  the  following  experiment 
may  be  quoted : — Cast-iron  bomb-shells,  thirteen  inches  in  diameter  and  two 
inches  thick,  were  filled  with  water,  and  their  apertures  or  fuse-holes  firmly 
plugged  with  iron  bolts.  Thus  prepared,  they  were  exposed  to  the  sevei^B 
cold  of  a  Canadian  winter,  at  a  temperature  of  about  19°  below  zera  At 
the  moment  the  water  froze,  the  iron  plugs  were  violently  thrust  out,  and  the 
ice  protruded,  and  in  some  instances  the  shells  burst  asunder,  thus  demon- 
strating the  enormous  interior  pressure  to  which  they  were  subjected  by 
water  aasummg  a  solid  state. 


QimnoKS. — Can  two  mbstanees  in  solntion  be  separated  from  each  other  by  the  act 
of  eryBtallisatioii  f  What  are  practical  illoBtrations  of  this  principle  ?  Under  vbat  cireom- 
ataneeR  will  crystallization  fidl  to  effect  separation  ?  What  physical  change  frequently 
aooompanies  crystaUiaation  ?    Illastrate  this  action  in  the  case  of  water. 
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One  thousand  parts  of  water  at  32 ""  become  dilated  by 
freezing  to  1063  parts. 

Iron,  in  passing  fix>m  a  melted  to  a  solid  state,  expands  in  the  same  manner 
as  water,  a  fact  which  rendcrd'  this  metal  most  suitable  for  castings. 

Other  substances,  however,  present  equally  remarkable  instances  of  con- 
traction in  passing  from  a  hquid  to  a  solid  state,  of  wliich  gold  and  lead  are 
illustrations ;  hence  it  is  impossible  to  obtain  with  either  of  these  metals  a 
fine  casting  from  a  mould. 

63.  Mother  Liquor. — When  a  substance  separates  itself 
in  part  from  a  liquid  by  crystallization,  the  solution  re- 
maining behind  is  termed  the  Mother  Liquor. 

64  Water  of  Gry&tallization.— Some  substances  are  not 
capable  of  assuming  a  crystalline  form  until  they  have 
chemically  combined  with  a  certain  definite  amount  of 
water,  termed  the  water  of.  crystallization.  This 
water  is  not  essential  to  the  chemical  composition  of  the 
substance,  but  merely  to  its  existence  in  the  form  of 
crystals. 

Thus,  a  crystal  of  ahim  contains  nearly  one  half  its  weight  of  water  chemi- 
cally combined  with  it  Without  this  water,  alum  could  not  assume  the  crys- 
talline form,  although  it  would  retain  all  its  chemical  properties  unchanged. 
The  existence  of  the  water  of  crystallization  in  alum  may  be  experimentally 
shown  by  placing  a  small  crystal  of  this  substance  upon  a  hot  surface,  when 
it  will  be  observed  to  foam  and  melt,  and  finally  settle  down  into  a  white 
porous  mass.  The  foaming  is  occasioned  by  the  evaporation  of  the  water  of 
crystallization. 

65.  Ef-flo-rcs'ccncc. — Some  substances  containing  water 
of  crystallization,  part  with  it  on  exposure  to  the  atmos- 
phere, and  crumble  down  to  a  fine  powder.  This  action 
is  termed  Efflorescence. 

If  we  place  half  an  ounce  of  crystalline  Glauber's  salts  in  a  warm  place,  il 
will  soon  lose  its  transparency,  and  finally  crumble  into  a  white  powder, 
weighing  hardly  a  quarter  of  an  ounce.  This  loss  of  weight  is  entirely  owin^ 
to  the  evaporation  of  the  chemically  combined  water  which  imparted  to  th ) 
salt  its  transparency  and  crystalline  form.  Common  salt,  and  saltpetre,  oa 
the  contrary,  if  treated  in  a  similar  way,  undergo  no  change  in  either  appear- 
ance, or  weight,  because  they  contain  no  water  of  crystallization. 

*    66.  Del-i-ques'cence. — When  a  crystalline   substance, 


QuxsnoNs. — To  what  extent  will  water  expand  in  freezing?  Why  is  iron  eminentlj 
mitable  for  fine  castings,  and  gold  and  lead  nnsnitable?  What  is  a  motlter  liquor? 
What  is  water  of  crystallization  ?   What  is  efAoresoence  ?   What  is  deliquesc^use  ? 
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on  exposure  to  air,  absorbs  water,  and  becomes  converted 
thereby  into  a  liquid,  or  semi-liquid  mass,  it  is  said  to 
deliquesce,  and  the  phenomenon  is  termed  Deliquescence. 
67.  De-crcp-i-ta'tion. — Some  substances,  whei)  crystal- 
lized rapidly  from  a  solution,  frequently  inclose  mechan- 
ically within  their  texture  small  quantities  of  the  mother 
liquor,  the  expansion  of  which,  when  heated,  bursts  the 
crystals  with  a  sort  of  crackling  explosion.  This  pheno- 
menon is  known  by  the  name  of  Decrepitation. 

This  result  may  be  exhibited  by  throwing  a  small  quantity  of  common 
salt,  which  has  been  crystallized  rapidly,  upon  a  heated  sur&ce.  If  the  salt, 
however,  has  been  crystallized  by  slow  evaporation,  it  will  not  decrepitate. 

G8.  Native  CrystalM. — ^The  mineral  kingdom  presents  us  with  the 
most  splendid  examples  of  crystallized  bodies,  many  of  which  the  chemist  is 
able  to  artificially  reproduce  in  his  laboratory.  Within  the  last  few  years^ 
M.  Ebelman,  an  eminent  French  chemist,  has  succeeded  in  producing  some 
of  the  most  valuable  gems — ^as,  for  example,  the  emerald  and  the  ruby — ^by 
mixing  together  in  proper  proportions  the  elementary  substances  which  ehter 
into  their  composition,  and  then  exposing  the  compound  to  the  long-continued 
and  intense  heat  of  a  furnace  used  for  baking  porcelain. 

Some  native  ciystala,  however,  seem  to  be  beyond  the  power  of  art  to 
imitate.  Of  these,  the  diamond  is  perhaps  the  most  remarkable.  This  body 
consists  of  pure  carbon  (the  same  substance  with  which  we  are  familiar  as 
charcoal  and  as  black-lead),  but  which  can  not  be  either  fused  or  dissolved, 
and  consequently  can  not  be  crystallized  by  any  means  at  present  known. 
Such  means  have  been  eagerly  sought  for,  however,  since  the  discovery  of 
the  composition  of  the  diamond,  and  there  seems  no  reason  why  they  should 
not  at  some  period  be  discovered. 

The  most  perfect  crystals  of  gems  are  met  with  in  nature  of  only  a  moder^ 
ate  size.  The  larger  ones  are  less  clear,  and  wanting  in  transparency  and 
luster.  The  emerald,  sufficiently  pure  for  jewelry,  does  not  often  exceed  an 
inch  in  length,  and  seldom  so  much  as  this.  Transparent  sapphires  above  an 
inch  in  length  are  very  rare.  Crystals  of  quartz  are  sometimes  found  of  very 
large  size.  One  at  Milan  measures  3^  feet  in  length,  5^  in  circiunference^ 
and  weighs  870  pounds. 

69.  t'ormation  of  Crystals  in  Solid  Bodies.— A  very  re- 
markable change,  a  variety  of  crystallization,  sometimes 
takes  place  in  the  form  and  crrangeraent  of  the  particles 
of  solid  bodies,  without  their  undergoing  any  alteration' 

Questions. — ^What  is  decrepitation  f  Where  are  the  most  splendid  examples  of  crystal' 
iized  bodies  to  be  met  with  ?  Are  any  native  crystals  capable  of  being  reproduced  by 
art  ?  What  crystallized  body  can  not  be  imitated  f  What  remarkable  change  sometimes 
takes  place  in  the  particles  of  solid  bodies  ? 
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from  the  bo^\A  to  the  liquid  state.  This  subject  is  one  of 
great  importance,  and  its  investigation  has  furnished  a 
partial  solution  of  some  phenomena  that  were  once  re- 
garded as  inexplicable. 

The  simplest  illustration  of  this  action  is  to  be  foand  in  the  case  of  sngar. 
When  this  substaooe  is  melted  ajid  aUowed  to  cool,  it  forms  a  perfectly  trans- 
parent^ hard  mass^  without  the  slightest  trace  of  crystalline  arrangement ;  but 
a^er  soma  months  it  loses  its  transparency,  becomes  white,  crystalline,  and 
brittle.  Similar  changes  take  place  also  in  many  otlier  bodies,  but  in  cases 
of  this  character  the  cause  which  produced  the  result  described  is  not  cer- 
tainly known,  and  has  been  ascribed  to  the  action  of  several  forces. 

The  following  illustrations  are  of  a  somewhat  different  character.  If  we 
submit  a  piece  of  metal,  even  the  toughest,  to  long-oontmued  hanmiering,  or 
jarring,  the  atoms,  or  particles  of  which  it  is  composed,  seem  to  tak^  on  a 
new  arrangement,  and  the  metal  gradually  loses  all  its  tenacity,  flexibility, 
malleability,  and  ductility,  and  becomes  brittle. 

The  surface  of  a  fresh  fracture,  under  such  circumstances,  exhibits  a  dis- 
tinctly crystaUtne  structure.  The  tenacity  of  a  metal  thus,  rendered  brittlo 
may  be  restored  again  in  great  measure  by  heating  and  slowly  cooling — a 
process  known  in  the  arts  as  -'  annealing." 

A  great  number  of  other  instances  illustrative  of  the  effect  of  jarring  and 
concussion  on  the  structure  of  metals,  might  also  be  adduced.  Coppersmiths, 
who  form  vessels  of  brass  and  copper  by  the  hanmier  alone,  can  work  on  them 
only  for  a  short  tune  before  they  require  annealing ;  otherwise  they  would 
crack  and  fly  into  pieces. 

For  similar  reasons,  a  cannon  can  only  be  fired  a  certain  number  of  times 
before  it  will  burst,  and  a  cannon  which  has  been  long  in  use,  although  ap- 
parently sound,  is  always  condemned  and  broken  up.  The  tone  of  a  bell, 
during  the  two  or  three  first  years  of  use,  uniformly  increases  in  strength, 
owing  probably  to  a  change  in  the  arrangement  of  the  particles  under  the 
hammering  action  in  ringing. 

A  more  important  illustration,  and  one  that  more  closely  affects  our  inter- 
ests, is  the  liability  of  railroad  car-axles  and  wheels  to  break  from  the  same 
cause.  A  car-axle,  after  a  long  lapse  of  time  and  use,  is  almost  certain  to 
break. 

The  explanation  of  these  changes,  especially  in  the  case  of  iron,  is  as  fol- 
lows : — The  particles  of  cast-iron,  as  may  be  seen  by  the  naked  eye,  are  crystals, 
more  or  less  perfect  in  form,  and  aggregated  together  by  the  force  of  cohesioa 
In  the  conversion  of  cast-iron  into  wrought-iron,  each  crystal  by  heating,  ham-, 
mering,  and  rolling,  is  gradually  elongated  into  ^  thread,  so  that  wrought-iron 
is  an  aggregation  of  fibers  (fibrous  iron,  as  it  is  sometimes  called),  or  a  series 
of  threads  kept  together  by  the  force  qf  cohesion.    When  noi;^^  a  bar  of  cold, 

QuasnoKS.— eGive  an  Qlastration.  Haw  is  the  strength  of  iron  and  other  metals  affected 
by  hammering,  jarring,  etc  f  Under  what  eirenmstanoes  will  cannon  burst,  and  raUvay 
azlo^  \tTeak  f    What  explanation  lias  been  given-  of  these  phenomena  ? 
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wrought,  or  fibrous  iron  is  made  to  vibrate  by  shocks  commumcated  either 
by  blows  of  a  hammer,  or  by  the  rapping  of  any  part  of  a  machine,  or  by  the 
continued  rolling  and  jarring  of  a  railway  car  upon  the  rails,  the  little  fine 
threads^  or  fibers  snap  one  by  one,  and  the  partides  return  to  their  original 
crystalline,  or  granular  state,  and  by  this  change  the  entire  mass  is  rendered 
brittle. 

70.  Primary  Forms  of  Crystals.— The  apparently  innu- 
merable  variety  of  figures  which  various  substances  as- 
sume in  crystallizing,  may  all  be  referred  to  a  few  regular 
and  fundamental  forms. 

Each  substance  has  a  characteristic  form  of  crystal, 
which  is  termed  its  Primary  Form. 

Variations  of  this  original  form,  which  may  take  place 
to  any  extent  so  long  as  a  correspondence  of  angles  is 
preserved,  are  termed  Secondary  Forms. 

The  number  of  primary  or  fundamental  forms  to  whicK 
all  other  <;rystalline  solids  may  be  referred  is  six— the 
cube,  the  square  prism,  the  right  reqtangular  prism,  the 
oblique  rhombic  prism,  the  oblique  rhomboidal  prism,  and 
the  hexagonal  prism,  or  rhombohedron. 

The  number  of  secondary  forms  is  almost  innumerable, 
all  of  which,  are  modifications  of  the  six  primary  forms. 

Thus,  carbonate  oClime  has  been  found  crystallized  in  more  than  six  hun- 
dred difierent  secondary  forms,  but  all  of  them  are  related  to  each  other,  and 
are  derivable  from  one  original  primary  figure,  the  rhombohedron. 

The  study  of  the  geometrical  relations  of  the  dififerent  crystalline  forms  to 
each  other,  belongs  to  the  science  of  crystallography.  The  inyestigations  of 
chemistry,  however,  have  contributed  much  to  our  knowledge  of  the  laws 
and  fi>rces  which  govern  the  production  of  crystals,  and  have  fiimished  some 
explanation  of  the  reason  why  the  several  atoms,  each  invisible  on  account 
of  its  minuteness,  should  arrange  themselves  in  the  same  manner,  and  in 
the  fitting  place,  so  as  to  build  up  a  cubical  or  prismatic  crystal,  rather  than 
an  incoherent  mass,  shapeless  and  devoid  of  regpularity. 

71.  Theory  of  Crystallizationr— It  is  supposed  that  the 
atoms,  or  molecules  which  make  up  the  body  of  a  crystal, 
are  possessed  of  polarity  ;  or,  in  other  words,  that  the  two 
opposite  sides  of  the  atoms  are  like  the  two  opposite  poles 

^  ■  II  ■  ■■■■■■■■■I-    ■■   M—  ■    I  ■   ■   ■■        ■  ■       I  ■■>■■■         tm^,     I   ■■■         I  ^.  ■  m 

QuxBTiONS.— Whftt  iB  understood  by  primary  and  secondary  forms  of  crystals  ?  Hov 
many  primary,  or  fandamental  forms  of  crystals  are  recognized  1  How  many  secondary 
forms  exist  f  Oive  aa  illustration  of  the  primary  and  secondary  forms  of  carbonate  of 
lime.    Explain  the  general  theory  of  oryttallizaUon, 
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of  a  magnet,  endowed  with  opposite  forces.  Fio.  n. 
The  action  of  those  forces  compels  the  atom, 
ID  assumiag  its  place  in  a  crystal,  to  maiDtain 
a  certain  direction  as  respects  the  contiguous 
particles  (see  Fig,  17),  in  the  same  way  that 
the  action  of  the  magnetic  forces  on  a  bar  of 
steel  compels  it  to  maintain  a  constant  direc- 
tion as  regards  tlie  poles  of  the  earth. 

That  tlie  strength  ot  the  i^reclive  force  nbich  mflneticw 
the  atomi  of  matter  to  oasiime  a  sjnuneOioa]  amu^emeDt 
is  not  feeble  or  iadgDiQcaitt,  is  cleadj  iltown  b;  th«  enor- 
mous power  which  cryElallizing  action  exerts.     Thu^  the  expanaire  (broo 
of  water  in  freezing,  illuatrotions  of  which  am  most  familiar,  a  duo  entirely  to 
a,  re-arraagement  of  the  particlos  jn  crjatalUiing,  and  a  consequent  oocupo- 
tioD  of  more  space. 

The  direction  in  which-  the  supposed  polar  forces  act,  or 
the  lines  in  which  the  particles  arrange  themselves  in  or- 
der to  build  np  symmetrical  solids,  are  termed  the  axes 
of  the  crystal. 

Tamtions  in  the  number  or  BTnuigemont  of  tbeeo  linea  or  nee,  jKccaatiHy 
modify  the  geometrical  form  of  the  cr^Blal,  and  a  conBideration  of  the  relation 
which  the  moltitude  of  crystaUine  fbnna  BOstain  lo  each  other      f|g_  jg^ 

through  tliair  axes,  ot  symmetrical  lines  of  fonnatioQ,  faai  en-     /,^~^ yi 

abled  us  to  select  six  primary  forms  from  whicb  all  the  others  /-i l| / 

maybe  derived.  Li,.....k_J^ 

Thus,  in  the  flret  primary  form,  Fig.  IB,  which  ia  the  cnbtcat,      /--^—l-^ 

ot  regular  (brm,  there  are  three  axes,  a  a  a,  all  equal  and  oroas-  Ll \r 

ing  oacb  other  at  tlie  center  of  the  dystat  at  r^ht  angles.  The  same  arrange- 
ment of  axes  holda  good  in  all  the  secondary  forma  whicb  are  derived  from  thia 
primary  form ;  and  In  conseqnence  of  thia  are  all  regular.  Xn  the  secend 
primary  form,  the  square  prism,  Fig.  19,  there  are  three  txeif,  all  of  them  at 
right  an^es  to  each  other,  but  only  two,  a  a,  a  a,  are  of  equal  lei^th ;  tho 
third,  e  c,  being  either  longer  or  shorter  llian  the  others.  yiq  IS. 

Smilar  yariationa  exist,  alao,  in  Uie  number  or  mcllnation  cf 
the  axea  <^the  other  primary  forms. 

Many  facta  in  science  seem  to  prove  that  the  existence  of  axes 
in  crystals  ia  not  imaginary,  but  real.    Thus,  when  the  arroi^e-   g 
rnent  of  a  crystalUne  Ix>dj  la  perfocUy  symmetrical,  as  it  Is  in  all 
ciystala  belonging  Id  the  cnbicaJ  system,  the  transmisnon  of  l^t, 
the  expansion  of  beat,  the  conductiDg  power  of  heat,  and  probably  L 

QunnoHS. — Wbmt  are  tha  ktv  of  ■  orTfltiJ  t  On  what  gro 
rrtmir;  fomii  of  er7*t*1Uiie  •oudaj  What  beta  In  ideDoa  NHi 
•f  eiTEtali  bavB  a  nal  silataiice  I  * 
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the  power  of  transmitting  sound,  electricitj,  and  magnetism,  is  uniform  in 
every  direction;  but  when  the  axes  of  a  crystal  are  unequal;  or,  in  oth^ 
words,  when  the  action  of  the  molecular  force  which  has  given  direction  to 
the  atoms  and  shaped  the  crystal,  is  more  powerful  in  one  direction  than  in 
another,  an  irregularity  in  the  action  of  the  body  on  light,  and  in  its  ezpan- 
slye  and  oonductiye  powers  for  heat,  may  be  immediately  traced. 

I-so-morpb'ism. — The  term  Isomorphism  (equal  forms) 
is  apt>lied  to  those  bodies  which  can  be  substituted  for  one 
another  in  a  chemical  compound,  without  producing  any 
change  in  the  crystalline  form  of  that  compound.  This 
property,  is  restricted  to  a  comparatively  few  substances. 

Thus,  an  oxyd  of  zinc  may  replace  or  be  substituted  for  oxyd  of  magnesia, 
and  an  oxyd  of  iron  for  an  oxyd  of  copper,  in  a  chemical  compound,  without 
causing  any  alteration  of  crystalline  form.  As  a  general  rule,  however,  the 
change,  or  substitution  of  one  element  of  a  chemical  compound  for  another 
of  different  character,  occasions  a  change  in  the  crystalline  form  of  the  com- 
pound. 

The  consideration  of  isomorphism  is  of  great  importance  in  chemistry,  and 
has  added  much  to  our  knowledge  respecting  the  nature  of  the  elementary 
atoms  of  matter.  A  study  of  its  principles,  among  other  results,  has  estab- 
lished the  existence  of  such  curious  relations  between  certain  of  the  so-called 
elementary  substances,  as  to  suggest  their  derivation  fh)m  some  common  and 
unknown  form  of  matter.  This  subject,  under  another  department,  will  be 
again  referred  to.  '  ••* 

72.  Di-morph'ism.— The  rule  that  all  the  crystalline  fig- 
ures of  any  particular  substance  may  be  derived  from  the 
same  ultimate  form,  is  subject  to  several  exceptions.  Some 
substances  are  capable  of  assuming  two  forms  of  crystals, 
according  to  the  temperature  at  which  they  are  produced, 
which  are  geometrically  incompatible  with  each  other; 
and  this  difference  of  crystalline  form  is  associated  with 
difference  of  specific  gravity,  hardness,  color,  and  other 
properties.  Such  bodies  are  termed  DimorphotL8  (two- 
formed). 

The  crystals  of  sulphur  found  in  nature,  and  the  crystals  obtained  by  tht 
slow  cooling  of  a  melted  mass  of  sulphur,  are  entirely  different  A  beautiful 
instance  of  this  kmd  is  afforded  by  a  compound  of  iodine  and  mercury,  known 
as  the  iodide  of  mercury.  The  minute  particles  of  this  substance  are  of  a 
brilliant  scarlet  color,  but  by  the  application  of  heat  their  crystalline  arrange- 
ment is  changed,  and  the  change  is  rendered  visible  to  the  eye  by  .the  sub- 

QuESTtovs.— What  Is  iBomorphliinif  Gire  an  UlaBtratlon.  What  is  dlmorphitm? 
What  are  examples  ? 
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stitution  of  a  bright  yellow  color  in  place  of  the  scarlet  When  the  substance 
has  become  cool,  the  application  of  a  slight  mechanical  force,  such  as  a  mere 
scratch  upon  a  single  point,  will  change  the  ciystalline  arrangement  back  to 
its  original  condition,  and  instantly  restore  the  original  color.^  x 

Some  few  substances  are  even  trimorphous ;  that  is,  they  ciyBtallize  in 
three  different  forms. 

78.  Clcav'agc. — Crystals  can  not  be  broken  with  equal 
readiness  in  all  directions,  but  they  have  a  tendency  to 
split  or  divide  according  to  certain  determinate  lines. 
This  property  is  termed  the  Cleavage-  of  the  crystal. 

Cleayage  will  often  enable  us  to  detect  crystalline  structure  in  a  body  which 
at  first  appears  as  a  shapeless  mass.  Thus,  in  the  case  of  the  very  common 
mineral  known  as  "  Iceland  spar,"  which  is  a  variety  of  carbonate  of  lime,  if 
we  strike  gently  upon  an  irregular  fragment  with  a  hammer,  we  shall  find 
that  the  lines  in  which  fracture  occurs  are  all  inclined  to  each  other  at  angles 
of  105  degrees,  and  in  consequenco  of  this,  the  detached  particles  have  all 
the  form  of  rhombohedrons.  In  like  manner,  mica  splits  only  in  leaves,  and 
galena,  the  name  applied  to  the  common  ore  of  lead,  only  in  cubes. 

This  property  of  crystals  has  long  been  known  to  jew- 
elers, who  have  profited  by  it  to  alter  the  form  of  precious 
stones,  in  place  of  resorting  to  the  expensive  process  of 
cutting.  Thus,  the  diamond  will  split. with  a  smooth  sur- 
face in  four  directions,  and  by  taking  advantage  of  this, 
a  thin  layer  on  a  defective  side  may  be  smoothly  removed 
at  a  single  operation. 

A  property  analogous  to  the  cleavage  of  crystals  may 
be  observed  in  bodies.of  a  different  character.  Thus,  wood 
splits  with  greater  facility  in  a  direction  parallel  to  its 
fibers  than  at  right  angles  to  them,  or,  as  it  is  termed, 
"  across  the  grain." 


Qin»TioM8 ^What  is  cleavage  ?    How  will  cleavage  often  enable  ns  to  detect  crTstal. 

line  Btructure  in  an  irregular  body  ?    What  practical  application  has  been  made  of  the 
deavage  of  crystals  ? 
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CHAPTER   II. 

.       HEAT. 

74.  Heat  and  Chemical  Action.— Almost  every  form  of 
chemical  action  is  influenced  to  a  greater  or  less  extent  by 
the  agency  of  heat.  A  general  knowledge,  therefore,  of 
the  principles  and  applications  of  heat  is  essential  to  a 
correct  understanding  of  the  science  of  chemistry. 

Heat  and  Caloric. — Heat  is  a  physical  agent,  known  only 
Ly  its  eflTects  upon  matter.  In  ordinary  language  we  use 
the  term  heat  to  express  the  sensation  of  warmth.  Ca- 
loric is  the  general  name  given  to  the  physical  agent  which 
produces  the  sensation  of  warmth,  and  the  various  effects 
of  heat  observed  in  matter. 

75.  Two  Conditions  of  Heat.— Heat  exists  in  two  very 
different  conditions,  as  Free,  or  Sensible  Heat,  and  as 
Latent  Heat.* 

When  the' heat  retained  or  lost  by  a  body  is  attended 
with  a  sense  of  increased  or  diminished  warmth,  it  is  called 
sensible  heat. 

When  the  heat  retained  or  lost  by  a  body  is  not  per- 
ceptible to  our  sense,  it  is  called  latent  heat.f 

76.  Measurement  of  Heat.— The  quantity  of  heat  ob- 
served in  different  substances  is  measured,  and  its  effects 
on  matter  estimated,  only  by  the  change  in  bulk,  or  ap- 
pearance, which  different  bodies  assume,  according  as  heat 
is  added  or  subtracted. 

77.  Distingnishing  Characteristic  of  Heat.— Heat  pos- 
sesses a  distinguishing  characteristic  of  passing  through 
and  existing  in  all  kinds  of  matter  at  all  times.     So  &r  as 


*  Lateniy  from  the  Latin  word  lateo^  to  be  hid. 

t  The  phenomena  of  latent  heat  are  farther  conddered  under  the  head  of  liqaofiKtioQ 
And  VaporuAtion. 

QuxsTiONB. — ^What  rehitlon  exists  between  heat  and  chemistry?  What  is  heat?  De* 
fine  ttie  meaning  of  the  term  caloric.  In  what  two  conditions  does  heat  exist  ?  What  is 
free,  or  sensible  heat  ?  What  is  latent  heat  ?  How  is  heat  measured  ?  What  is  the  dis- 
tinguishing characteristic  of  heat? 
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we  know,  heat  is  everywhere  present,  and  every  body  that 
exists  contains  it  without  known  limits. 

Ice  contains  heat  in  large'  quantities.  Sir  Humphrey  Davj,  by  friction,  ex- 
tracted heat  from  two  pieces  of  ice,  and  quickly  melted  them,  in  a  room  cooled 
below  the  freezing-point,  by  rubbing  them  against  each  other. 

78.  Temperature.— The  degree  of  sensible  heat  a  body 
manifests  is  called  its  temperature. 

The  temperature  of  a  body  affords  no  indication  of  the  real  quantity  of  heat 
which  it  contains.  A  pint  of  boiling  water  will  raise  a  thermometer  to  th« 
same  degree  as  a  gallon  of  the  same  water ;  yet  it  is  obvious  that  the  larger 
quantity  of  liquid  contains  the  greater  amount  of  heat 

Cold  is  a  relative  term  expressing  only  the  absence  of 
heat  in  a  degree ;  not  its  total  absence,  for  heat  exists 
always  in  all  bodies. 

A  body  may  feel  hot  and  cold  to  the  same  person  at  the  same  time,  since 
the  sensation  of  heat  is  produced  by  a  body  colder  than  the  hand,  provided 
it  be  less  cold  than  the  body  touched  immediately  before ;  and  the  sensation 
of  cold  is  produced  under  the  opposite  circumstances,  of  touching  a  compara- 
ttveiy  warm  body,  but  which  is  less  warm  than  some  other  body  touched  pre- 
viously. Thus,  if  a  person  transfer  one  hand  to  common  spring  water  imme- 
diately after  touching  ice,  to  that  hand  the  water  would  feel  very  warm ;  while 
the  other  hand,  transferred  from  warm  water  to  the  spring  water,  would  feel  a 
sensation  of  cold. 

It  is  a  very  curious  fact,  that  intense  cold  produces  the  same  sensation  as 
intense  heat  Frozen  mercuiy  will  blister  the  part  to  which  it  is  applied  in 
the  same  manner  as  red  hot  iron ;  and  the  physiological  action  of  a  freezing 
mixture  resembles  that  of  boiling  water.  Sensations  of  heat  and  cold  are^ 
therefore,  merely  degrees  of  temperature,  contrasted  by  name  hi  reference  to 
the  peculiar  temperature  of  the  individual  speaking  of  them. 

79.  Diffusion  of  Heat.— The  tendency  of  heat  is  to  dif- 
fuse, or  spread  itself  among  all  neighboring  substances, 
until  all  have  acquired  the  same,  or  a  uniform  temperature. 

A  piece  of  iron  thrust  into  burning  coals  becomes  hot  among  them,  because 
the  heat  passes  from  the  coals  into  the  iron,  until  the  metal  has  acquired  an 
equal  temperature. 

80.  Heat  Imponderable.— Heat  is  imponderable,  or  does 
not  possess  any  perceptible  weight. 

If  we  balance  a  quantity  of  ice  in  a  delicate  scale,  and  then  leave  it  to 


QuEsnoKS. — ^What  is  temperatare  ?  Does  the  temperatare  of  a  body  indicate  the  actual 
quantity  of  heat  it  contains?  What  is  cold  ?  Hay  a  body  feel  hot  and  cold  at  the  same 
time  ?  What  are  sensations  of  heat  and  cold  ?  In  what  maoner  does  heat  diffase  Itself? 
Does  heat  poesess  weight  ? 

3* 
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melt,  the  equilibriam  wiH  not  be  in  the  slightest  degree  disturbed.  If  we 
substitute  for  the  ioe  boiling  water,  or  red  hot  iron,  and  leave  this  to  cool, 
there  will  be  no  difference  in  the  result.  Count  Bumford,  having  suspended 
a  bottle  containing  water,  and  another  oontauiing  alcohol,  to  the  arms  of  a 
balance^  and  adjusted  them  so  as  to  1>e  exactlj  in  equilibrium,  found  that  the 
balance  remained  undisturbed  when  the  water  was  completely  frozen,  though 
the  heat  the  water  had  lost  must  have  been  more  than  sufBcient  to  have  made 
an  equal  weight  of  gold  red  hot 

81.  Theory  of  Heat. — The  nature,  or  cause  of  heat  is  not 
clearly  understood.  Two  explanations,  or  theories,  have 
heen  proposed  to  account  for  the  various  phenomena  of 
heat,  which  are  known  as  the  mechanical  and  vibratory 
theories. 

Heehanieal  Theory. — The  mechanical  theory  supposes 
heat  to  be  an  extremely  subtile  fluid,  or  ethereal  kind  of 
matter  pervading  all  space,  and  entering  into  combination 
in  various  proportions  and  quantities,  with  all  bodies,  and 
producing  hy  this  combination  all  the  various  effects  no- 
ticed. 

Tibratory  Theory.— The  vibratory  theory,  on  the  con- 
trary, supposes  heat  to  be  merely  the  effect  of  a  species 
of  motion^  like  a  vibration  or  undulatioD,  produced  either 
in  the  constituent  particles  of  bodies,  or  in  a  subtile,  im- 
ponderable fluid  which  pervades  them. 

When  one  end  of  a  bar  of  iron  is  thrust  into  the  fire  and  heated,  the  other 
end  soon  becomes  hot  also.  According  to  the  mechanical  theory,  a  subtile 
fluid  coming  out  of  the  fire  enters  into  the  iron,  and  passes  fit}m  particle  to 
particle  until  it  has  spread  through  the  whole.  When  the  hand  is  applied  to 
the  bar  it  passes  into  it  also,  and  occasions  the  sensation  of  warmth.  Ac- 
cording to  the  vibratory  theory,  the  heat  of  the  fire  communicates  to  the  par- 
ticles of  the  iron  themselves,  or  to  a  subtile  fluid  pervading  them,  certain  vi- 
bratory motions,  which  motions  are  g^dually  transmitted  in  every  direction, 
and  produce  the  sensation  of  heat,  in  the  same  way  that  the  undulations  or 
vibrations  of  air,  produce  the  sensation  of  sound. 

The  fact  that  vibrations  do  occur  in  masses  of  metal  and  other  substanpes 
during  the  passage  of  heat  through  them,  can  be  demonstrated  by  experi- 
ment. Thiis,  if  an  irregularly  curved  bar  of  hot  brass  be  laid  upon  a  sup- 
port of  cold  lead,  the  bar  will  be  thrown  into  a  vibratory  state,  accompanied 


QuESTioifB.— WhAt  two  theories  haTe  been  propoied  to  aoeoant  for  the  origin  of  heat  f 
What  is  the  mechanical  theory?  .What  is  the  vibratory  theory?  niustrate  the  suit 
posed  production  of  heat  in  accordance  with  the  two  theories. 
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by  a  somewhat  musical  sound  and  a  rocking  motion ;  and  this  action  cod- 
tinues  so  long  as  an  inequality  of  temperature  exists  between  the  two  metals. 
There  seems  to  be  but  little  doubt  at  the  present  time  among  scientific  men, 
that  the  theory  which  ascribes  the  phenomena  of  heat  to  a  series  of  vibra^ 
tions,  or  undulations,  either  in  matter,  or  a  fluid  pervading  it,  is  substantially 
correct  At  the  same  time  it  is  not  wholly  satisfectory,  and  neither  theoiy 
will  perfectly  explain  all  the  facts  in  relation  to  heat  with  which  we  are  ac- 
quainted. For  the  purpose  of  describing  and  explaining  the  phenomena  and 
effects  of  heat,  it  is  convenient,  in  many  cases,  to  retain  the  idea  that  heat  is 
a  substance. 

The  fact  that  nature  nowhere  presents  us,  neither  has  art  ever  succeeded 
in  showing  us,  heat  alone  in  a  separate  state,  is  a  strong  ground  for  believmg 
that  heat  has  nq  separate  material  existenca  Heat,  moreover,  can  be  pro- 
duced without  limit  by  friction,  and  mtense  heat  is  also  produced  by  the  ex- 
plosion of  gunpowder.  On  the  contrary,  as  arguments  in  favor  of  the  mate- 
rial existence  of  heat,  we  have  the  fact,  that  heat  becomes  instantly  sensible 
on  the  condensation  of  any  material  mass,  as  if  it  were  squeezed  out  of  it :  as 
when,  on  reducing  the  bulk  of  a  piece  of  iron  by  hammering,  wo  render*it 
red  hot  (the  greatest  amount  of  heat  being  emitted  with  the  blows  that  most 
c^nge  its  bulk). 

Finally,  the  laws  "of  the  spreading  of  heat  do  not  resemble  those  of  the 
spreading  of  sound,  or  of  any  other  motion  known  to  us. 

82.  Relations  of  Light  and  Heat.— The  relation  between  heat 
and  light  is  a  very  intimate  one.  Heat  exists  without  light,  but  all  the  ordi- 
nary  sources  of  light  are  also  sources  of  heat ;  and  by  whatever  artificial  means 
natural  light  is  condensed,  so  as  to  increase  its  splendor,  the  heat  which  it 
produces  is  also,  at  the  same  time,  rendered  more  intense. 

Ineandcscence.— When  a  body,  naturally  incapable  of 
emitting  light,  is  heated  to  a  sufficient  extent  to  become 
luminous,  it  is  said  to  be  incandescent,  or  ignited. 

Flame. — Flame  is  an  ignited  gas  issuing  from  a  burn- 
ing body.  Fire  is  the  appearance  of  heat  and  light  in 
conjunction,  produced  by  the  combustion  of  inflammable 
substances. 

The  ancient  philosophers  used  the  term  fire  as  a  characteristic  of  the  nature 
of  heat,  and  regarded  it  as  one  of  the  four  elements  of  nature  j  air,  earth,  and 
water  being  the  other  three. 


QuESTiONB.— Which  theory  is  generally  received  ?    What  relations  exist  between  light 
and  heat?    Define  incandescence.    Wliat  is  flame?-   What  is  fire  ? 
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SECTION    I. 

80  UKCES    OF    HEAT. 

83.  Sonrccs  of  Heat.— The  principal  sources  of  heat  of 
which  practical  advautagc  may  be  taken^  are  the  sun,  me- 
chanical action,  chemical  action,  and  electricity. 

84.  The  Snn  a  Soorce  of  Heat.— The  greatest  natural 
source  of  heat  is  the  sun^  as  it  is  also  the  greatest  natural 
source  of  light. 

Although  the  quantity  of  heat  sent  forth  from  the  sun  is  immensei  its 
rajB,  filing  naturally,  are.  never  hot  enough,  even  in  the  torrid  zone,  to 
Fig.  20.  kindle  combustible  substances.    By  means,  however, 

of  a  burning-glass,  the  heat  of  the  sun's  rays  can  be 
concentrated,  or  bent  toward  one  point,  called  a  focus, 
in  sufficient  quantity  to  set  fire  to  substances  submitted 
to  their  action. 

Fig.  20  represents  the  manner  in  which  a  burning- 
glass  concentrates  or  bends  down  the  rays  of  heat 
until  they  meet  in  a  focus. 

The  greatest  natural  temperature  ever  authentically  re- 
corded was  at  Bagdad,  in  1819,  when  the  thermometer 
(Fahrenheit's)  rose  to  120°  in  the  shade.  On  the  west 
coast  of  Africa  the  thermometer  has  been  observed  as 
high  as  108°*  F.  in  the  shade.  Burckhardt  in  Egypt,  and 
Humboldt  in  South  America,  observed  it  at  117°  F.  in 
the  shade. 

About  70°  below  the  zero  of  Fahrenheit's  thermometer 
is  the  lowest  atmospheric  temperature  ever  experienced 
by  the  Arctic  navigators. 

The  greatest  artificial  cold  ever  measured  was  220°  F. 
below  zero. 

This  temperature  was  obtained  some  years  since  by  M.  Natterer,  a  German 
chemist.  Professor  Faraday  has  also  produced  a  cold  of  166^  F.  below 
zero.  Neither  of  these  experimenters  succeeded  in  freezmg  pure  alcohol  or 
ether. 

The  estimated  temperature  of  the  space  above  the  earth's  atmosphere  has 
been  estimated  at  58°  below  zero,  Fahrenheit's  thermometer. 

Questions. — What  are  the  principal  sources  of  heat  ?  What  is  the  greatest  source  of 
heat  ?  What  is  the  greatest  natural  temperature  ever  observed  ?  What  is  the  lowest 
natural  temperature  observed?     What  is  the  greatest  artificial  cold  ever  measured? 
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85.  Meehanical  Aelion,  considered  as  a  source  of  heat^ 
includes  friction  and  compression,  or  percilssion. 

Frietiofl.— The  supply  of  heat  which  can  be.  derived 
from  friction  is  apparently  unlimited. 

Savage  nations  kindle  a  fire  by  tJie  fi-iction  of  two  pieces  of  diy  wood; 
the  axles  of  wheels  revolving  rapidly  frequently  become  ignited  j  and  in  th? 
boring  and  taming  of  metal  the  chisels  often  become  intensely  hot.  In  al) 
these  cases  the  friction^f  the  sur&oes  of  wood  or  of  metal  in  contact  dis* 
torbs  the  latent  heat  of  these  substances,  and  renders  it  sensible. 

The  following  interesting  experiment  was  made  by  Count  Rumford,  to  il' 
lustrate  the  effect  of  fiiction  in  i»x)ducing  heatw — ^A  borer  was  made  to  re- 
volve in  a  cylinder  of  brass,  partially  bored,  thirty-two  times  in  a  minute. 
The  cylinder  was  inclosed  in  a  box  containing  18  pounds  of  water,  the  tern- 
perature  of  which  was  at  first  60°,  but  rose  hi  an  hour  to  107° ;  and  in 
two  hours  and  a  half  the  water  boiled.  The  heat  thus  obtained  was  calcu- 
lated to  be  somewhat  greater  than  that  given  out  during  the  same  period  by 
the  burning  of  nine  wax  candles,  each  f  ths  of  an  inch  in  diameter. 

Recent  experiments  made  by  Mr.  Joule  of  England,  appear  to  show  that 
the  actual  quantity  of  heat  developed  by  friction  is  dependent  simply  upon 
the  amount  of  force  expended,  without  regard  to  the  nature  of  the  substances 
rubbed  together..  Ho  found,  as  the  result  of  a  great  number  of  experiments, 
that  when  water  was  agitated  by  means  of  a  horizontal  brass  wheel,  which 
was  made  to  revolve,  as  the  wheels  of  a  clock  are,  by  the  descent  of  a  weight, 
that  the  temperature  of  the  water  was  increased  by  friction  against  the 
metal ;  and  that  in  this  way,  one  pound  of  water  could  be  raised  in  tempera- 
ture one  degree  by  an  expenditure  of  an  amount  of  force  sufficient  to  raise 
*1*12  pounds  weight  to  the  height  of  one  foot  When  cast-iron  was  rubbed 
against  iron,  the  force  required  to  produce  U^at  by  Motion  sufficient  to  ele- 
vate the  temperature  of  a  pound  of  water  one  degree,  was  found  to  be  equiva- 
lent to  "Ttd  pounds,  and  when  iron  was  rubbed  against  mercury,  to  '774  pounds. 

It  thus  appears  from  these  experiments,  that  force  expended  in  producing 
friction  is  converted  into  heat,  and  that  when  a  pound  of  water  is  elevated  in 
temperature  one  degree,  some  force  equivalent  to  the  nosing  of  a  weight  of 
about  772  pounds  to  the  height  of  one  foot  is  always  exerted.* 


*  This  discovery,  that  heat  and  mechanical  poirer  are  matnally  convertible,  and  that 
the  relation  between  them  is  definite,  lli  foot-pounds  of  motive  power  being  equivalent  to 
a  unit  of  heat — ^that  is,  to  the  amount  of  heat  requisite  to  raise  a  pound  of  water  through 
one  degree  of  Fahrenheit — is  one  of  the  most  interesting  of  modem  science,  and  has  led 
to  many  important  deductions.  Thus,  force  is  expended  by  friction  in  the  ebb  and  flow 
of  every  tide,  and  must,  therefore,  reappear  as  heat.  According  to  the  computations  of 
Bessel,  the  astronomer,  25,000  miles  of  water  flow  in  every  six  hours  from  one  quarter  of 

-  I  -     ■  -   —         ■  ■  ■ 

Questions. — ^What  does  mechanical  action,  considered  as  a  source  of  heat,  include  ? 
What  is  said  of  the  development  of  heat  by  friction  ?  What  experiments  were  made  by 
Count  Rumford  ?  What  has  recently  been  determined  respecting  the  production  of  heat 
by  friction  f 
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Compression. — The  reduction  of  matter,  into  a  smaller 
compass  by  an  textemal  or  mechanical  force,  is  generally 
attended  with  an  evolution  of  heat.  To  such  an  act  of 
compression  we  apply  the  term  condensation. 

Heat  may  be  eyolved  from  tar  by  condensation.  This  may  be  shown  by 
placing  a  piece  of  tinder  in  a  tube,  and  suddenly  compressing  the  air  con- 
tained in  it  by  means  of  a  piston.  The  air  being  thus  condensed,  parts  with 
its  latent  beat  in  sufficient  quantity  to  set  fire  to  the  tinder  at  the  bottom 
of  the  tube. 

Percussion,  which  is  a  combination  of  friction  and  oompiession,  is  a  familiar 
method  of  developing  heat,  ^n  example  ^  this  is  seen  in  the  use  of  the 
common  steel  and  flint,  in  which  the  compression  occasioned  by  llie  violent 
collision  of  the  two  substances  elicits  heat  sufficient  to  set  fire  to  detached 
portions  of  steel  The  striking  of  iron  with  a  hammer,  or  the  subjection  of 
any  metal  to  great  and  sudden  pressure,  also  develops  large  quantities  of 
heat. 

86.  Chemieal  Action  is  the  principal  source  resorted  to 
for  procuring  heat  artificially.  Whenever  this  occurs 
with  a  high  degree  of  intensity,  heat  is  produced,  accom- 
panied generally  by  an  evolution  of  light.  A  common 
fire,  of  wood  or  coal,  is  a  familiar  illustration  of  the  devel- 
opment of  heat  and  light  by  chemical  action. 

87.  Electricity . — The  passage  of  accumulated  electricity 
through  various  substances,  or  from  one  medium  to  an- 
other, generally  produces  heat.  The  most  intense  arti- 
ficial heat  with  which  we  are  acquainted,  is  thus  produced 
by  the  agency  of  the  electric,  or  galvanic  current.  All 
known  substances  can  be  melted  or  volatilized  by  it. 

Heat  so  developed  has  not  been  employed  for  practical  or  economical  pur- 
poses to  any  g^at  extent ;  but  for  chemical  experiments  and  investigations 
it  has  been  made  quite  usefuL 

88.  Other  Sources  of  Heat. — In  addition  to  the  above- 
mentioned  sources,  some  heat  is  derived  from  the  earth 


the  earth  to  another.  The  store  of  mechanical  force  Is  thas  diminished,  and  the  tempe- 
rature of  oar  glohe  augmented  by  every  tide.  We  do  not,  however,  possess  the  data 
which  will  oiable  us  to  caieuiate  the  magnitude  of  these  effects. 

QuxsTiONs. — How  may  heat  be  produced  by  condensation  ?  How  byi>ercassioii  f  Whj^ 
is  said  of  chemical  action-as  a  source  of  heat  f  What  of  electricity  f  What  other  soaroes 
of  heat  are  recognized  ? 
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itself^  and  from  the  stars  and  planetary  bodies.  Heat^ 
also,  is  generated  or  excited  through  the  organs  of  a  liv- 
ing structure^  the  result,  undoubtedly,  of  chemical  actions 
which  are  continually  goiag  on  in  the  systems  of  animals 
and  plants.  Heat  thus  produced  is  termed  vital,  or  ani- 
mal heat. 

Experimentation  has  also  proved  that  the  simple  act  of  moistening  any 
dry  substance  is  attended  with  slight,  yet  constant  disengagement  of  heat 
With  bodies  of  mineral  origin,  when  reduced  to  a  fine  powder  with  a  view  of 
increasing  the  extent  of  sur&ce,  the  rise  of  temperature  does  not  exceed  fbom 
half  a  degree  to  two  degrees,  Falirenheit^s  thermometer;  but  with  some  ani- 
mal and  vegetable  substances,  such  as  cotton,  thread,  hair,  wool,  ivory,  and 
well-dried  paper,  a  rise  of  temperature  varying  from  2^  to  even  10^  or  149  F. 
has  been  observed. 

SECTION    II. 

OOVHUKIOATIOK    OV    HEAT. 

89.  Heat  may  be  communicated  in  three  ways  :  by 
Conduction,  by  Convection,  and  by  Radiation. 

By  one  or  all  of  these  methods,  bodies^which  have  been  heated,  or  cooled, 
gradually  return  to  the  temperature  of  surrounding  objects.  If  the  body  is 
hot  heat  passes  from  it  to  contiguous  bodies ;  if  cold,  it  gains  heat  at  the 
expense  of  those  substances  which  possess  a  higher  temperature. 

The  three  methods  of  communicating  heat  will  be  considered  in  the  order 
above  named.  « 

90.  Condnetion. — Heat  is  said  to  be  communicated  by 
conduction  when  it  is  transmitted  from  particle  to  particle 
of  a  substance,  as  from  the  end  of  an  iron  bar  placed  in 
the  fire  to  that  part  of  the  bar  most  remote  from  the 
fire. 

Different  bodies  exhibit  a  very  great  degree  of  differ- 
ence in  the  facility  or  power  with  which  they  conduct 
heat  ;  some  substances  oppose  very  little  resistance  to  its 
passage,  while  through  others  it  is  transmitted  slowly,  or 
with  great  difficulty.  • 


QunnoKB.— ^Hoir  is  heat  oommunicated  f  In  whtkt  way  is  an  eqailibrlam  of  tempera- 
ture preaervedf  What  ti  eondnetlonf  Is  the  poirer  of  eondnetion  the  eame  in  aU 
bodlear 
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rio.  21. 


If  we  place  the  end  of  a  short  rod  of 
glass,  and  of  a  rod  of  iron  of  equal  length, 
in  the  flame  of  a  lamp,  Fig.  21,  we  shall 
soon  be  sensible  that  heat  reaches  the  fin- 
gers more  rapidly  through  the  metal  than 
through  the  glass ;  and  shall  haye  a  dear 
proof  that    these   two  substances  differ 
greatly  in  their  power  of  conducting  heat. 
The  different  oonducting  power  of  va- 
rious solids  may  be  also  strikuigly  shown 
by  taking  a  series  of  rods  of  different  materials,  but  of  the  same  dimensions 
(see  Pig.  22),  placing  a  bit  of  wax,  or  phosphorus  upon  one  of  their  extremi- 
ties, and  applying  to  the  other  extremities  an  equal  degree  of  heat     The  wax 
Fig.  22.  will  melt,  or  the  phosphorus  inflame  at  different 

times,  according  to  the  conducting  power  of  the  dif- 
ferent solids. 

91.  Conductors  and  Non-eondnetors. 
— ^AU  bodies  are  divided  into  two  classes 
in  respect  to  their  coDduction  of  heat, 
viz.,  into  conductors  and  non-conduc- 
tors. The  former  are  such  as  allow 
heat  to  pass  freely  through  them  ;  the 
latter  comprise  those  which  do  not  give 
an  easy  passage  to  it. 
92.  Conduction  of  Solids* — Of  all  known  substances,  the 
metals  conduct  heat  with  the  greatest  facility  ;  but  they 
differ  considerably  when  compared  with  each  other.  As  a 
general  rule,  the  denser  a  body  is,  the  better  it  conducts 
heat.  Light,  porous  substances,  more  especially  those  of  a 
fibrous  nature,  are  the  worst  conductors  of  heat.  Of  all 
substances,  gold  is  the  best  conductor. of  heat,  and  may 


*  The  following  table  exhibits  the  relatiTe  eondncting  power  of  different  labitanoes,  tbt 
ratio  expressing  Uie  condacting  power  of  gold  being  taken  at  100 : 


Gold 

Platlnam 

Silver 

Copper 

Iron 

Zinc 


100-00 
9810 
97-30 
80-82 
87-41 
86-37 


Tin    . 
Lead . 
Marble 
Porcelain  . 
Brick  earth 


80-38 

17-06 

2-34 

1-22 

1-18 


QuESTioirs. — ^What  experiments  illastrate  this  ftiet?  What  are  oondnctom  and  non* 
oondnctorB?  What  are  good  oondnctom?  What  are  bad  oondactonr?  What  sabstanoa 
ia  the  best  conductor  of  h^t  ? 
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be  represented  by  the  number  100  ;  then  iron  will  be 
37.4  ;  marble  2.3  ;  and  brick  clay  1.1. 

The  conducting  power  of  stones  is  next  to  that  of  the 
metals,  and  crystalline  stones  are  better  conductors  than 
those  which  are  not  crystallized.  . 

93.  CondnetioD  of  Liqnlili.— Liquids  conduct  heat  in  a 
very  limited  degree. 

This  may  be  aatisGictarilj  proved  by  a  number  of  Bimple  erpcriments.  If 
B.  oiLill  qnonti^  of  alcohol  be  poured  on  the  nrfoce  of  water  and  inOamed,  it 
will  continue  to  bum  for  bouib  time.  (See  Kg.  23.)  A  Ibermometer,  im- 
moised  at  a  amall  depth  below  the  common  aur&co  e.„   qa. 

(^  the  Hpiiit  and  tbe  water,  will  &il  to  ebow  any  ia< 
crease  in  temperature. 

Anotbor  and  more  aimple  experiment  proveB  the 
■ame  lact ;  as  when  a  blBcksmith  imnlerBes  hia  red- 
hot  iron  in  a  tank  of  water,  the  water  which  but- 
rouuda  the  iron  ia  made  boiliog  hot,  while  the  water 
not  unmediatel;  in  contact  with  it  lemains  quite  cold. 

If  a  tube  neailj  Oiled  with  water  is  held  over  a 
spirit  lampt  as  in  ^g.  24,  In  aocb  a  manner  as  to  di- 
rect the  flame  against  tbe  upper  layers  of  the  water, 
the  water  at  the  top  of  the  tube  may  be  kept  bwllng 
for  a  coQKderable  time,  without  occasioDing  the 
fllighteat  iQCouyenience  to  the  person  who  holds  it. 

94.  Condnetion  of  Gasei,— Bodies  in 

the  gaseous,   or  aeriform  condition  are   more  imperfect 
conductors  of  heat  than  liquids. 
Common  air,  especially,  is  one  of 
the  worst  conductors  of  heat  with 
which  we  are  acquainted. 

The  non-conducting  properties  of  fibrous 
and  porous  substances  are  due  almost  alto- 
gether to  the  air  contained  in  their  intersticea,    ' 
or  between  thoir  fibers.     These  are  bo  dis- 
poaed  as  to  reoeiTe  and  retain  a  large  quanti^  of  air  without  permitting  It  to 
circulate. 

Worfens^  fiuB,  rider-down,  etc,  are  weH  adaiitaJ  (or  dothing  in  winter,  not 


iTguesI  Whst  of  common  irtr  f  Why  lire  poroM 
itt  rabstaaeeA  boa-conductont     WhjAra  wootaiu,  fan,  etc.,  well  tdApbcA  for 
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because  tbey  impart  any  heat  to  the  body,  but  on  account  of  the  large  quan- 
tities of  air  which  they  contain,  imprisoned  between  their  fibers ;  this  renders 
them  non-conductors,  and  prevents  the  escape  of  heat  from  the  body. 

Blankets  and  warm  woolen  goods  are  always  made  with  a  nap  or  projeo- 
tion  of  fibers  upon  the  outside,  in  or^er  to  take  advantage  of  this  principle. 
The  nap,  or  fibers  retain  air  among  tliem,  which,  firom  its  non-conducting 
properties,  serves  to  increase  the  warmth  of  the  material. 

The  heat  generated  in  the  animal  system  by  vital  action  has  constantly  a 
tendency  to  escape,  and  be  dissipated  at  the  surface  of  the  body,  and  the  rate 
at  which  it  is  dissipated  depends  on  the  difference  between  the  temperature 
of  the  surface  of  the  body  and  the  temperature  of  the  surrounding  medium. 
By  interposing,  however,  a  non-conducting  substance  between  the  sur&ce  of 
the  body  and  the  external  atmosphere,  we  prevent  the  loss  of  heat  which 
would  otherwise  take  place  to  a  greater  or  less  degrea 

An  apartment  is  rendered  much  warmer  for  being  furnished  with  double 
doors  and  windows,  because  the  air  confined  between  the  two  sur&ces  op- 
poses by  reason  of  its  non-conducting  properties,  tiie  communication  of 
heat  fit>m  the  interior. 

Snow  protects  the  soil  in  winter  from  the  effects  of  cold  in  the  same  way 
xtbat  fur  and  wool  protect  animals,  and  clothing  man.  Snow  is  made  up  oi'  an 
infinite  number  of  little  crystals,  which  retain  among  their  interstices  a  largo 
amount  of  air,  and  thus  contribute  to  render  it  a  non-conductor  of  heat  A. 
covering  of  snow  also  prevents  the  earth  from  throwing  off  its  heat  by  radia- 
tion. The  temperature  of  the  earth,  therefore,  when  covered  with  snow, 
rarely  descends  much  below  the  /reezing-point,  even  when  the  air  is  fifi^en 
or  twenty  degrees  colder.  Thus  roots  and  fibers  of  trees^and  plants  are 
protected  from  a  destructive  cold. 

As  a  non-conducting  substance  prevents  the  escape  of  heat  from  within  a 
body,  so  it  is  equally  efficacious  in  preventing  the  access  of  heat  from  without 
In  an  atmosphere  hotter  than  our  bodies,  the  effect  of  clothing  would  be  tek 
keep  the  body  cooL  Flannel  is  one  of  the  warmest  articles  of  dress,  yet  we 
can  not  preserve  ice  more  effectually  in  summer  than  by  enveloping  it  in  its 
folds.  Firemen  exposed  to  the  intense  heat  of  furnaces  and  steam-boilers,  in< 
variably  protect  themselves  with  flannel  garments. 

Cargoes  of  ice  shipped  to  the  tropics,  are  generally  packed  for  preservatioD 
in  sawdust ;  a  casing  of  sawdust  is  also  one  of  the  most  effectual  means  of 
presenting  the  escape  of  heat  from  the  sur&ces  of  steam-boilers  and  steam- 
pipes.  Straw,  from  its  fibrous  character,  is  an  excellent  non-conductor  of 
heat,  and  is  for  this  reason  extensively  used  by  gardeners  for  incasing  plants 
and  trees  which  are  exposed  to  the  extreme  cold  of  wmter. 

Befrigerators,  used  for  the  preservation  of  animal  and  vegetable  substances 
in  warm  weather,  are  double-walled  boxes,  with  the  spaces  between  the  sides 
filled  with  powdered  charcoal,  or  some  other  porous,  non-conducting  substance. 

_  I  I  ,  I  r 

QuiBBTioifB. — ^Why  are  blankets  made  with  a  nap  f  What  is  the  use  of  clothing?  Why 
do  double  doors  and  windows  render  a  room  warmer  f  How  does  snow  protect  the  soil  ? 
Why  do  peraoDS  exposed  to  Intense  heat  wear  flannel  ?   How  are  refMgerators  constmcted  ? 
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The  Bo-cflUod  "  fire-proof "  safes  are  alao  conBtructed  of  double  or  treble  w»]l» 
of  iroo,  with  interreiuDg  apacea  between  them  filled  with  gypBDm,  or  "  Plas- 
ter ofPoria."  Thia  lining,  which  is  a  most  perfect  ncm-conductor,  prevents 
the  heat  from  passing  Grom  the  exterior  of  the  safe  to  the  books  and  papers 
witbtiL  The  idea  of  applying  "  Plaster  of  Peris"  in  this  waj  fer  the  coostruo- 
tion  of  safes,  originated,  la  the  first  inatanco,  tKm  a  workman  attempting  to 
best  water  in  a  tin  baain,  the  bottom  and  mdes  of  which  were  tiiinly  coated 
with  this  BubBtance.  The  noa-oonduetiDg  properties  of  the  plaster  were  so 
great  as  to  almost  entirelj  intercept  the  pasaage  of  the  heat,  and  t^  man, 
lo  his  surprise,  found  that  the  water,  although  directlj  over  the  fire,  did  not 
get  hot 

9S.  Much  of  the  ecooom;  of  ttiel  depends  npoo  a  judicious  application  of 
tiie  principles  which  regulate  the  conduction  of  heat  An  instructive  illn^ 
tration  of  their  importance  is  exhibited  in  the  man-  ^      „, 

ner  in  which  heat  may  be  economized  by  an  appro- 
priate construction  of  steam-boilerH.    TbUB,  o 
the  meet  economical  ferms,  whuA  is  known  as  the 
Comiah,  or  cylinder  boiler,  oonsiBls  of  two  cylinders, 
placed  one  within  the  other.    (See  Fig.  26.)    Be- 
tween the  tvro  is  the  space  for  tho  water ;  the  u 
cylinder  contains  the  tlimace,  flre^ratoB,  ash-pit,  and   [ 
the  One,  or  chamber  through  which  the  products  of    [ 
corabnstion  pass  oft    By  this  arrangement  the  heat   | 
winch  would  otherwise  be  condooted  away  by  the 
fire-bars  and  the  masonry  of  the  ash-pt,  is  takon  up  by  the  mimninding 
water,  and  thus  economized.    The 
smoke  and  hot  tur  from  the  fire  also 
pass  throi^h  the  bmler  for  its  wholo 
length,  which  is  sometimes  as  much 
as  forty,  or  oven  sisty  feet,  and  then 
return  along  tho  outside  of  the  boiler 
through  a  chamber  of  masonry,  be- 
fore they  finally  escape  np  tho  chim- 
in tho  boiler  of  a  locomotive,  ng, 
26,  the  fire-box  ta  surrounded  at  the 
top  and  tvro  sides  by  a  double  cas- 
ing containing  water,  and  the  hot  air 
from  the  (iimace  passes  through  the 
water  in   the  boiler  in  num«<ous 
small  parallel  fiues,  or  tubes,  which  __ 
open  at  one  end  into  tJie  Bre-box, 
uid  at  the  other  into  tho  smoke- 


Fio.  26. 
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pipe.  By  fhis  last  arrangement,  the  heat  is,  as  it  were,  filtered  through  the 
water,  and  is  nearly  all  communicated  to  it.  Loss  of  heat  fitxn  the  external 
sur&ces  of  locomotive-boileFB  may  be  also  prevented  by  casing  them  with 
wood,  or  sokne  other  non-conducting  substance. 

96.  Cony  eel  ion. — Liqaids  and  gases,  being  non-conduc- 
tors, can  not  well  be  heated  like  solids,  by  the  communi- 
cation of  heat  from  particle  to  particle.  Heat,  however, 
is  diffused  through  them  with  great  rapidity  by  a  motion 
of  their  particles,  which  brings  them  successively  in  con- 
tact with  the  heated  surfaces.  This  process  is  termed 
Convection. 

Thus,  when  heat  is  applied  to  the  bottom  of  a  vessel  containing  water,  the 
particles  which  constitute  the  lower  layers  of  liquid  expand  and  become  lighter, 
and  a  double  set  of  currents  is  immediately  established— one  of  hot  particles 
rising  toward  the  surface,  and  the  other  of  colder  particles  descending  to  the 
bottom.  The  portion  of  liquid  which  receives  heat  from  beloW  is  thus  con- 
tinually diffused  through  the  other  parts,  and  by  this  motion  of  the  partides 
the  heat  is  communicated. 

These  currents  take  place  so  rapidly,  that  if  a  thermom- 
*  _  *  •  eter  be  placed  at  the  bottom  and  another  at  the  top  of  a  long 
jar  (the  fire  being  applied  below),  the  upper  one  will  be^ 
to  rise  almost  as  soon  as  the  lower  one.  The  circulation  de> 
scribed  may  be  rendered  visible,  by  adding  to  a  flask  <^ 
boUing  water  a  small  quontily  of  bran  or  saw-dust^  or  a  few 
particles  of  bituminous  ooaL    (See  Fig.  27.) 

The  process  of  cooling  in  a  liquid  is  di- 
rectly the  reverse  of  that  of  heating.  The 
particles  at  the  surface,  by  contact  with  the 
air,  readily  lose  their  heat,  become  heavier, 
and  sink,  while  the  warmer  particles  below  in 
turn  rise  to  the  surface. 

To  heat  a  liquid,  therefore,  the  heat  should  be  applied  at  ^e  bottom  of  the 
mass ;  to  cool  it,  the  cold  should  be  applied  at  the  top,  or  surface. 

The  fikjility  with  which  a  liquid  may  be  heated  or  cool^,  depends  in  a  great 
degree  on  the  mobility  of  its  particles.  Water  may  be  made  to  retain  its  heat 
for  a  long  time  by  adding  to  it  a  small  quantity  of  starch,  the  particles  of 
which,  by  their  viscidity  or  tenacity,  prevent  the  fbee  circulation  of  the  heated 
partides  of  water.  For  the  same  reason  soup  retains  its  heat  lopger  than 
water,  and  all  thick  liquids,  like  oil,  molasses,  tar,  etc.,  require  a  considerable 
time  for  cooling. 

QunnovB. — ^What  is  eonyectdon  ?  ninstrafce  the  oommnnioation  of  heat  bj  convection. 
Explain  the  process  of  cooling  in  liquida.  What  c^umstanoe  greatly  inflaeaees  the  heat* 
ing  and  cooling  of  liquids? 
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97.  Heating  of  Gases  and  Vapors.— Common  air,  and  all 
gases  and  vapors,  are  heated  in  the  same  manner  as  liquids. 
From  every  heated  substance,  an  upward  current  of  air  is 
continually  rising. 

It  is  in  acoordanoe  with  this  principle  that  we  are  enabled  to  readOy  warm 
the  ur  of  an  apartment  by  means  of  a  stove,  or  furnace.  The  air  in  immediate 
contact  with  the  hot  sur&ce  becomes  heated  and  liaes,  while  cooler  and 
heavier  air  rushes  in  from  all  sides  to  supply  its  place.  This,  in  turn,  becomes 
heated  and  ascends,  and  thus  a  circulation  similar  to  that  which  occurs  in  a 
flask  of  boiling  water,  is  established. 

98.  Winds  and  Oeean  Currents.— The  processes  of  circu- 
lation produced  by  heat  in  li<^uid8  and  in  gases,  which 
have  been  described,  occur  upon  a  vast  scale  in  the  atmos- 
phere and  in  the  ocean. 

Aerial  currents  are  mo6t  powerful  at  the  equator,  the  warm  air  of  which  rises 
and  incessantly  flows  in  the  upper  regions  of  the  atmosphere  toward. the 
poles ;  while  just  as  constantly,  at  the  earth's  sur&ce,  currents  of  cool  air, 
constituting  the  trade  winds,  flow  fix>m  the  poles  to  the  equator. 

Similar  currents  are  produced  by  the  same  cause  in  the  waters  of  tho 
ocean.  Their  power  may  be  inferred  from  the  influences  which  in  some  cases 
they  exert  upon  climate.  By  them  the  warm  water  of  the  Gulf  of  Mexico 
ii  carried  to  the  British  Isles,  thereby  producing  a  mild,  uniform  warmth, 
and  a  rich  moisture ;  while  through  similar  causes^  the  floating  ice  of  the 
North  Pole  is  carried  to  the  coast  of  Newfoundland,  and  produces  cold.* 

99.  Radiation.— When  the  hand  is  placed  near  a  hot 
body  suspended  in  the  air,  a  sensation  of  warmth  is  per- 
ceived, even  for  a  considerable  distance.  If  the  hand  be 
held  beneath  the  body,  the  sensation  will  be  as  great  as 
upon  the  sides,  although  the  heat  has  to  shoot  down 
through  an  opposing  current  of  air  approaching  it.  This 
effect  does  not  arise  from  the  heat  being  conveyed  by 


*  Farther,  by  the  heat  of  the  mn  a  portion  of  the  water  is  eonrerted  into  vapor,  which 
rises  in  the  atmoq>here,  isoondensed  into  eloads,  or  falls  as  rain  or  snow  npon  the  earth ; 
collects  in  the  form  of  springs,  brooks,  and  rivers ;  and  finally  reaches  the  sea  again,  after 
having  gnawed  the  rocks,  carried  away  the  light  earth,  and  thus  performed  its  part  in  the 
geologic  changes  of  the  earth ;  perhaps,  beside  all  this,  it  has  driven  our  water-mill  on 
its  way.  If  the  heat  of  th«  sun  were  withdrawn,  there  would  remain  only  a  single  mo- 
ttoo  of  water  (provided  it  remained  a  liquid),  namely,  the  tides,  which  are  produced  by 
the  attraction  of  the  sun  and  moon. 

QuxBTiosa — How  are  gases  and  vapnrs  heated?  Upon  what  principle  are  rooms 
warmed  by  stores  and  fumaeeaf  What  ij  the  occasion  of  winds  and  ocean  currents? 
Define  radiation. 
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meaDS  of  a  hot  current,  since  all  the  heated  particles  have 
a  uniform  tendency  to  rise ;  neither  can  it  depend  upon 
the  conducting  power  of  the  air/ because  aeriform  sub- 
stances possess  that  power  in  a  very  low  degree,  while  the 
sensation  in  the  present  case  is  excited  almost  on  the  in- 
stant. This  method  of  distributing  heat,  to  distinguish  it 
from  heat  passing  by  conduction,  or  convection,  is  called 
radiation,  and  heat  thus  distributed  is  termed  radiant,  or 
radiated  heat. 

Heat  is  communicated  through  space  by  radiation  in 
straight  lines,  and  its  intensity  diminishes  as  the  square  of 
the  distance  from  the  center  of  action  increases. 

Thus  the  heating  effect  of  any  hot  body  is  mne  times  less  at  three  feet 
than  at  one ;  sixteen  times  less  at  four  feet ;  and  twenty-five  times  less  at 
five. 

All  bodies  radiate  heat  in  some  measure,  but  not  all 
equally  well ;  radiation  being  generally  in  proportion  to 
the  roughness  of  the  radiating  surface.  All  dull  and  dark 
substances  are,  for  the  most  part,  good  radiators  of  heat ; 
but  bright  and  polished  substances  are  generally  bad 
radiators.  Color,  however,  alone,  has  no  effect  on  the 
radiation  of  heat. 

A  liquid  contained  in  a  bright,  highly -polished  metal  pot,  will  retain  its 
heat  much  longer  than  in  a  dull  and  blackened  one.  This  is  not  due  to  the 
polish  or  brightness  of  the  surfiaoe,  but  to  the  fact  that,  by  polishing,  the  sur- 
face is  rendered  dense  and  smooth,  and  such  surfaces  do  not  allow  the  heat  to 
escape  readily.  If  we  cover  the  polished  metal  surface  with  a  thin  cotton  or 
linen  cloth,  so  as  to  render  the  surface  less  dense,  the  radiation  of  heat,  and 
consequent  cooling,  will  proceed  rapidly. 

Black  lead  is  one  of  the  best  known  radiators  of  heat,  and  on  this  account 
is  generally  employed  for  the  blackening  of  stoves  and  hot-air  flues.  As  a 
high  polish  is  un&vorable  to  radiation,  stoves  should  not  be  too  highly  polished 
.with  tliis  substance. 

The  great  supply  of  heat  to  the  earth  {torn  the  sun  is  transmitted  by  the 
process  of  radiation.  Some  idea  of  the  amount  of  heat  thus  received  by  the 
earth  may  be  formed  from  a  oalculation  of  Professor  Faraday,  which  indicated 
that  the  average  amount  of  heat  radiated  in  a  summer's  day  upon  each  acre 


QvaRiONg. — ^How  is  "heat  commnnleated  by  radiation  ?  What  dreamstaneea  inflnence 
radiation  ?  What  are  good  and  had  radiators  ?  What  amoant  of  hoat  does  the  earUi  ro- 
caiTO  hy  radiation  from  the  bku  ? 
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of  land  in  the  latituda  of  London,  is  not  less  than  that  which  would  be  pro- 
duced by  the  combustion  of  18,000  pounds  of  coal. 

The  radiation  of  heat  goes  on  at  all  times,  and  from  all 
surfaces,  whether  their  temperature  be  the  same  as,  or  dif- 
ferent from  that  of  surrounding  objects;  therefore  the 
temperature  of  a  body  falls  when  it  radiates  more  heat 
than  it  absorbs  ;  its  temperature  is  stationary  when  the 
quantities  emitted  and  received  are  equal ;  and  it  grows 
warm  when  the  absorption  exceeds  the  radiation. 

If  a  body,  at  any  temperat'ire,  be  placed  among  other  bodies,  it  will  affect 
their  condition  of  temperature,  or  as  we  express  it,  it  will  affect  them  i?ier- 
maUy ;  just  as  a  candle  brought  into  a  room  illuminates  all  bodies  in  its  pros* 
cnce ;  with  this  difference,  however,  that  if  the  candle  be  extinguished,  no 
more  light  is  diffused  by  it ;  but  no  body  can  be  thermally  extinguished.  All 
bodies,  however  low  bo  their  temperature,  contain  heat,  and  therefore  radiate 

it- 
If  a  piece  of  ice  be  held  before  a  thermometer,  it  will  cause  the  mercuiy  in 

its  tube  to  fall,  and  hence  it  has  been  supposed  that  the  ice  emitted  rays  of 
cold.  This  supposition  is  erroncou&  The  ice  and  the  thermometer  both 
radiate  heat,  and  each  absorbs  more  or  less  of  what  the  other  radiates  toward 
it  But  the  ice,  being  at  a  lower  temperature  than  the  thermometer,  radiates 
loss  than  the  thermometer,  and  therefore  the  thermometer  absorbs  less  than 
the  ice,  and  consequently  falls.  If  the  thermometer  placed  in  the  presence 
of  the  ice  had  been  at  a  lower  temperature  than  the  ice,  it  would,  for  like 
reasons,  have  risen.  The  ice  in  that  case  would  have  warmed  the  ther- 
mometer. 

100.  Disposition  of  Radiant  Heat.— When  rays  of  heat 
radiated  from  one  body  fall  upon  the  surface  cf  another 
body,  they  may  be  disposed  of  in  three  ways  :  1.  They 
may  rebound  from  its  surfece,  or  be  reflected  ;  2.  They 
may  be  received  into  its  surface,  or  be  absorbed  ;  3.  They 
may  pass  directly  through  the  substance  of  the  body,  or 
be  transmitted. 

101.  B^fleetion  of  Heat. — Polished  metallic  surfaces  con- 
stitute the  best  reflectors  of  heat ;  but  all  bright  and  light 
colored  surfaces  are  adapted  for  this  purpose  to  a  greater, 
or  less  degree. 

Water  requires  a  longer  time  to  become  hot  in  a  hrigJU  tin  vessel  than  in  a 

QuxsTiONB. — ^Doea  radiation  proceed  constantly  from  all  bodies  ?  Why  does  the  mer- 
cury of  a  thermometer  sink  when  broaght  near  ice  f  When  radiant  heat  falls  apoa  the 
■orfeuse  of  a  body,  how  may  it  be  disposed  of?   What  sorfaoea  are  good  refleoton  pf  heat? 
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dark  colored  one,  because  the  heat  is  reflected  from  the  bright  surface,  and 
does  not  enter  the  vessel 

The  power  of  reflection  of  heat  seems  to  reside  ahnost  exclusively  in  the 
surface.  A  film  of  gold  leaf;  not  exceeding  l-200,000th  of  an  inch  in  thick- 
ness, answers  the  purpose  of  a  reflector  nearly  as  well  as  a  mass  of  solid  gold. 

102.  Absorption  of  Heat.— The  power  of  absorbing  heat 
varies  with  almost  every  form  of  matter.  Surfaces  are 
good  absorbers  of  heat  in  proportion  as  they  are  poor  re- 
flectors. The  best  radiators  of  heat  also  are  the  most  pow- 
erful absorbers,  and  the  most  imperfect  reflectors. 

Dark  colors  absorb  heat  from  the  sun  more  abundantly  than  light  ones. 
This  may  be  proved  by  placing  a  piece  of  black  and  a  piece  of  white  cloth 
upon  the  snow  exposed  to  the  sun ;  in  a  few  hours  the  black  cloth  will  have 
melted  the  snow  beneath  it,  while  the  white  cloth  will  have  produced  little 
or  no  effect  upon  it 

A  piece  of  brown  paper  submitted  to  the  action  of  a  burning-glass,  ignites 
much  more  quickly  than  a  piece  of  white  paper.  The  reason  of  this  is,  that 
the  white  paper  reflects  the  rays  of  the  sun,  and  though  but  slightly  heated 
appears  highly  luminous;  while  the  brown  paper  which  absorbs  the  rays, 
readily  becomes  heated  to  ignition.  For  the  same  reason  a  kettle  whose  bot- 
tom and  sides  are  covered  with  soot,  heats  water  more  readily  than  a  kettle 
whose  sides  are  bright  and  dean. 

Air  absorbs  heat  very  slowly,  and  does  not  readily  part  with  it  Air  is  not 
heated  to  any  extent  by  the  direct  rays  of  the  sun.  The  sun,  however,  heats 
the  surface  of  the  earth,  and  the  air  resting  upon  it  is  heated  by  contact  with 
it,  and  ascends,  its  place  being  supplied  by  colder  portions,  which  in  turn  are 
heated  also. 

This  reluctance  of  air  to  part  with  its  heat  occaaons  some  very  curious  dif- 
ferences between  its  burning  temperature  and  that  of  other  bodies.  Metala^ 
.which  are  generally  the  best  conductors,  and  therefore  communicate  heat 
most  readily,  can  not  be  handled  with  impunity  when  raised  to  a  temperature 
of  more  than  120°  F. ;  water  becomes  scalding  hot  at  150°  F. ;  but  air  ap- 
plied to  the  skin  occasions  no  very  painful  sensation  when  its  heat  is  &r  be- 
yond that  of  boiling  water. 

103.  Formation  of  Dew.— Dew  is  the  moisture  of  the 
air  condensed  by  coming  in  contact  with  bodies  colder 
than  itself. 

As  soon  as  the  sun  has  set  in  summer,  and  the  earth  is  no  longer  receiving 
new  supplies  of  heat,  its  surface  begins  to  throw  off  the  heat  (which  it  has 

QuBBTioNg. — ^Where  does  the  pover  of  reflecting  beat  reside  in  solid  bodies'?  How 
does  the  power  o#  absorbing  heat  vary  in  different  substa(R>eH  ?  What  are  good  absorbers 
of  heat  ?  What  are  the  peculiarities  of  air  as  respects  absoki>tion  of  heat  ?  How  is  the 
atmosphere  heated?  What  enrious  experiments  illustrate  the  retention  of  heat  by  the 
air  ?    What  is  dew  ?    To  what  is  the  formation  of  dew  Qwing  T 
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acciimulated  dtiring  the  day)  by  radiation ;  the  air,  however,  does  not  radiate 
its  heat,  and,  in  consequence,  the  different  objects  upon  the  earth's  sur&ce 
are  soon  cooled  down  from  t  to  25  degrees  below  the  temperature  of  the  sor- 
rounding  atmosphere.  The  warm  vapor  of  the  air,  coming  in  contact  with 
these  cool  bodies,  is  condensed  smd  precipitated  as  dew. 
'  A)l  bodies  have  not  an  equal  capacity  for  radiating  heat,  but  some  oool 
much  more  rapidly  and  perfectly  than  others  Hence  it  follows,  that  with 
the  same  exposure,  iBome  bodies  will  be  densely  covered  with  dew,  while 
others  will  remain  perfectly  dry.  Grass,  the  leaves  of  trees,  wood,  etc.,  radiate 
heat  very  freely ;  but  polished  metals,  smooth  stones,  and  woolen  doth,  part 
with  their  heat  slowly:  the  former  of  these  substances  will  therefore  be  com- 
pletely drenched  with  dew,  while  the  latter,  in  the  same  situations,  will  be 
almost  dry. 

The  surfaces  of  rocks  and  barren  lands  are  so  compact  and  hard,  that  they 
can  neither  absorb  nor  radiate  much  heat ;  and  (as  their  temperature  varies 
but  slightly)  Uttle  dew  is  deposited  upon  them.  Cultivated  soils,  on  the 
contrary  (being  loose  and  porous)  very  freely  radiate  by  night  the  heat  which 
they  absorb  by  day ;  in  consequence  of  which  they  are  much  cooled  down, 
and  plentifully  condense  the  vapor  of  the  air  into  dew.  Such  a  condition 
of  things  is  a  remarkable  evidence  of  design  on  the  part  of  the  Creator,  since 
every  plant  and  inch  of  land  which  needs  the  moisture  of  dew  is  adapted  to 
collect  it ;  but  not  a  siogle  drop  is  wasted  where  its  refreshing  moisture  is  not 
required. 

Dew  is  always  formed  upon  the  surface  of  the  jnaterial 
upon  which  it  is  found,  and  does  not  fall  from  the  atmos- 
phere. 

104.  Frost  is  frozen  dew.  When  the  temperature  of 
the  body  upon  which  the  dew  is  deposited  sinks  below  32^^ 
F.,  the  moisture  freezes  and  assumes  a  solid  form,  consti- 
tuting what  is  called  ^^ frost" 

105.  Bew-Point. — The  temperature  at  which  the  con- 
densation of  moisture  in  the  atmosphere  commences,  or 
the  degree  indicated  by  the  thermometer  at  which  dew 
begins  to  be  deposited,  is  called  the  "  Dew-Point." 

This  point  is  by  no  means  constant  or  invariable,  since  dew  is  only  do- 
posited  when  the  au;  is  saturated  with  vapor,  and  the  amount  of  moisture  re- 
quired to  saturate  air  of  high  temperature  is  much  greater  than  for  air  of 
low  temperatura 

If  the  saturation  be  complete,  the  least  diminution  of  temperature  is  at- 
tended with  the  formation  of  dew ;  but  if  the  air  is  dry,  a  body  must  be 


QuiBTtoiTS. — ^l8  dew  deposited  equally  upon  all  substances  ?    Does  dew  fdSl  ?    What  is 
froat  ?    What  ia  the  dew-point  ? 

4 
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several  degrees  colder  before  moisture  is  deposited  on  its  surface ;  and  indeed 
the  drier  the  atmosphere,  the  greater  will  be  the  difference  between  the  tem- 
perature and  its  dew-point. 

Dew  may  be  produced  at  any  time  by  bringing  a  vessel  of  cold  water  into 
a  warm  room.  The  sides  of  the  vessel  cool  the  surrounding  air  to  such  an 
extent  that  it  can  no  longer  retain  all  its  vapor,  or,  in  other  words,  the  tem- 
perature of  the  air  contiguous  to.  the  cold  surface  is  reduced  below  the  dew- 
point  ;  dew  therefore  forms  upon  the  vessel  A  pitcher  of  water  under  such 
circumstances  is  vulgarly  said  to  "  sweat." 

106.  Transmis&ioH  ol  Heat.— Heat  derived  from  tie 
sun,  like  light  emanating  from  the  same  source,  passes 
through  all  transparent  bodies,  without  material  loss ; 
but  heat  derived  from  terrestrial  and  less  intense  sources, 
is  in  great  part  arrested  by  many  substances,  which  allow 
light  to  pass  freely.  • 

Thus,  a  plate  of  glass  held  between  one's  face  and  the  sun  will  not  protect 
it,  but  held  between  the  face  and  a  fire,  it  will  intercept  a  large  proportion  of 
the  heat. 

The  power  of  heat  to  penetrate  a  dense  transparent 
substance  increases  in  proportion  as  the  temperature  of 
tbe  body  from  which  it  is  radiated  increases. 

Rock-salt  appears  to  be  the  only  substance  which  transmits  an  equal 
amount  of  heat  from  all  sourcea  It  has,  hence,  been  called  the  '^  glass  of 
heat,"  since  it  permits  heat  to  pass  with  the  same  ease  that  glass  does  light 
Alum,  on  the  contrary,  which  is  nearly  transparent,  almost  entirely  intercepts 
the  passage  of  terrestrial  heat  Heat,  indeed,  will  pass  more  readily  through 
a  black  glass,  so  dark  that  the  sun  at  noonday  is  scarcely  discernible  through 
it,  than  through  a  thin  plate  of  clear  alum. 

Transparent  substances  of  considerable  density,  such  as  glass,  alum,  water, 
rock-crystal,  etc.,  interfere  -most  with  the  passage  of  heat ;  while  transparent 
substances  of  little  density,  as  air,  the  various  gases,  etc.,  allow  heat  to  pass 
with  comparatively  little  interruption. 

Those  substances  which  transmit  heat  most  freely,  are 
termed  diathermanous  ;  and  those  which  intercept  the 
rays  of  heat  more  or  less  completely,  cdhermanous. 


QuTWTioNS.— state  the  peculiarities  which  distinguish  the  transmission  of  heat  derived 
from  ^different  sources?  Upon  what  does  the  power  of  heat  to  penetrate  a  gobstance  de- 
pend? What  substance  transmits  heat  most  readily?  What  least  so?  What  tensB 
have  been  used  to  indicate  the  difference  in  bodies  as  respects  the  transmission  of  beat? 
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SECTION    III. 

THX    EFFECTS    OF    HEAT. 

107.  UniYersal  Inflnenee  of  Heat.— The  form  of  all 
bodies  appears  to  be  materially  affected  by  heat ;  by  its 
increase  solids  are  converted  into  liquids,  and  liquids  into 
vapor ;  by  its  diminution  vapors  are  condensed  into  liquids, 
and  these  in  turn  become  solids. 

If  matter  ceased  to  be  influenced  by  heat,  all  liquids,  vaporSi  and  doubtless 
even  gases,  Tirould  become  permanently  solid,  and  all  motion  on  the  sur&ce 
of  the  earth  would  be  arrested. 

108.  Specific  Heat. — ^AU  bodies  contain  incorporated 
with  them  more  or  less  of  heat ;  but  equal  weights  of  dis- 
similar substances  require  unequal  quantities  of  heat  to 
elevate  tLem  to  the  same  temperature. 

Thus,  if  we  place  a  pound  of  water  and  a  pound  of  mercury  over  a  fire,  it 
win  be  found  that  the  mercury  will  attain  to  any  given  temperature  much 
quicker  than  the  water.  Or  if  we  perform  the  convert  of  this  experiment, 
and  take  two  equal  quantities  of  mercury  and  water,  and  having  heated  them 
to  the  same  degree  of  temperature,  allow  them  to  cool  freely  in  the  air,  it  will 
be  found  that  the  water  will  require  much  more  time  to  cool  down  to  a  com- 
mon temperature  than  the  mercury.  The  water  obviously  contains  more  heat 
at  the  elevated  temperature  than  the  mercury,  and  therefore  requires  a  longer 
time  to  cooL 

Dissimilar  substances  require,  respectively,  different 
quantities  of  heat  to  raise  their  temperature  one  degree  ; 
and  the  quantity  of  heat  required  to  raise  any  substance 
one  degree  in  temperature,  as  compared  with  the  quantity 
required  to  raise  ah  equal  weight  of  .some  other  substance, 
selected  as  a  standard  of  comparison,  one  degree,  is  called 
its  specific  heat.  In  like  manner,  the  weight  which  a 
bj^dy  includes  under  a  given  volume,  is  termed  its  specific 
weight.  Water  is  adopted  as  the  standard  for  comparing 
the  different'  quantities  of  heat  which  equal  weights  of 
dissimilar  substances  contain. 

QuwTioxrB.-.Wliat  is  said  renpeetfaig  the  anivenal  inflaenoe  of  hMtf  !■  the  lamo 
amonnt  of  heat  contained  in  all  nibstaneea  f  What  experiment  proves  that  water  contains 
more  heat  than  me>eary  ?  What  is  spedfie  heat?  What  standard  Is  adopted  for  com- 
paring the  heat  of  dUferent  snhstanoesf 
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109.  Capacity  for  HeBt.~A  substance  is  said  to  have  a 
greater^  or  less  capacity  for  heat,  according  as  a  greater, 
or  less  quantity  Qf  heat  is  required  to  produce  a  definite 
change  of  temperature,  or.  an  elevation  of  temperature  of 
one  degree. 

In  general,  the  capacity  of  bodies  for  heat  decreasefl  mih  their  density. 
Thus  meroaiy  has  a  lees  capacity  for  heat  than  water,  because  its  density  is 
g^reater.  Air  that  is  rarefied,  or  thin,  has  a  greater  capacity  for  Ixeat  than 
'dense  air.  This  circamstanoe  will  explain,  in  part^  the  reason  tif  the  very  low 
temperatures  which  exist  at  great  elevations  in  the  atmosphera  Persons 
asoendbig  high  mountains,  or  in  balloonS|  find  that  the  cold  increases  with 
the  elevation.  The  reason  of  this  is,  that  the  air  in  the  upper  regions  of  the 
atmosphere,  relieved  from  superincumbent  pressure,  is  expanded  and  rarefied; 
its  capacity  for  heat  is^  therefore,  greatly  increased,  and  it  absorbs  its  own 
sensible  heat 

Inn^.qoarters  of  the  globe,  12ie  temperature  of  the  air  at  a  certain  height 
IS  reduced  so  low  by  its  rarefiiction,  that  water  can  not  exist  ui  a  liquid  state. 
Tliis  limit,  the  height  of  which  varies,  being  the  most  elevated  at  the  equator, 
and  the  most  depressed  at  Ihe  poles,  is  called  the  line  of  Pkrpetual  Snow.* 
.  If  compressed  air  be  allowed  suddenly  to  expand,  by  escaping  into  the  at- 
mosphere, the  rare&ction  produced  increases  its  capacity  for  heat;  it,  there- 
fore, absorbs  heat  most  readily,  and  occasions  a  sensation  of  cold.  It  is  on 
this  account  that  air  forcibly  expelled  fix)m  the  mouth  feels  cooL 

On  the  contrary,  if  we  compress  a  quantity  of  air,  and  render  it  more  dense, 
we  diminish  its  capacity  for  heat,  and  it  becomes  incapable  of  retaining  what 
was  before  incorporated  into  its  substance.  The  proof  of  this  may  be  found 
in  the  foct,  that  by  the  sudden  compression  of  a  small  quantity  of  air  in  a 
suitable  vessel  we  may  obtain  a  sufficient  amount  of  heat  to  ignite  tinder  and 
other  inflammable  substanoea 

The  capacity  for  heat  increases  with  the  temperature. 
Thus  it  requires  a  greater  amount  of  beat  to  elevate  the 
temperature  of  platinum  from  212^  to  218%  than  from 
82°to83% 

:A  body  in  a  liquid  state  has  a  higher  specific  heat 
than  the  same  substance  when  it  is  in  the  solid  form. 


*  Tbe  lino  of  perp«ti»l  noir  at  the  eqiwfcor  ocean  at  a  height  of  about  10,000  feet ;  at 
the  Straite  of  Magellan,  it  ooeara  at  an  elevation  of  only  4,000  feet 


'QuKBnoNa.-.What  is  nndentood  by  eitpaolty  for  heatt  How  doee  the  eajMcilyof 
bodies  for  heat  increase  ?  Why  is  the  temperature  of  air  at  hlc^h  elerationa  very  mneh- 
rednoed  ?  Why  does  the  compression  of  air  prodnoe  heat  f  How  does'  the  oaiweity  ftft 
heat  Tary  with  the  temperatnre  ? 
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This  is  remarkably  shown  in  the  case  of  water,  the  specific 
heat  of  which  is  double  that  of  ice. 

Of  all  known  substances,  water  baa  the  greatest  capacity  for  heat  This 
drcumstanoe  renders  the  ocean  a  great  reservoir  of  heat,  and  a  regulator  of 
temperatures  upon  the  sur&ce  of  the  earth.  Thus  m  hot  weather,  the  water 
of  the  ocean,  on  account  of  its  great  capacity  for  heat,  absorbs  and  retain^ 
large  quantities  finom  the  air ;  the  air,  therefore,  accumulates  htet  but  slowly. 
In  cold  weather,  the  heat  previously  absorbed  by  the  ocean,  is  gradually  lOr 
stored  to  the  air,  and  a  sudden  reduction  of  atmospherio  temper^ure  is  pro? 
vented.  It  is,  therefbre,  mainly  on  this  account  that  sea-coasts  and  isli^ds 
enjoy  a  more  uniform  temperature  than  the  interior  of  continenta  In  the 
summer,  the  proximity  of  the  sea  serves  to  mitigate  the  heat ;  in  the  winter, 
to  diminish  the  cold.  Inland  lakes,  in  like  manner,  raise  the  mean  tempera^ 
ture.  The  climate  of  the  shores  of  I^e  Erie  is  much  milder  than  that  of  the 
adjacent  inland  country,  and  flrult  maybe  successfully  cultivated  at  Geveland, 
upon  the  southern  shore,  which  £dls  to  ripen  in  districts  fbrther  south; 

An  V)cean  of  mereuiy  would  produce  veiy  different  rosidts,  Binoe  it  is  ca- 
pable of  absorbmg  but  a  small  amount  of  heat^  which  it  readily  parts  with  at 
a  slight  reduction  of  temperature. 

110.  Cal-orim'e-trjr. — The  art  of  determining  the  spe- 
cific heat  of  various  substances  is  called  Calorimetry. 

Several  different  methods  may  be  employed  for  this  purpose.  One  method 
consists  in  inclosing  equal  w^bights  of  different  substances,  heated  to  the  same 
temperature,  in  closed  cavities  in  a  block  of  ice,  and  measuring  the  respective 
.quantities  of  water  which  they  produce  by  melting  the  ice. 

The  same  result  may  also  be  obtained  by  what  is  called  the  method  of  mix- 
turesw  Thus,  if  we  mix  1  pound  of  mercury  at  66*  with  1  pound  of  water 
at  32*,  the  common  temperature  will  be  33*.  Here  the  mercury  loses  S3* 
and  the  water  gains  I* ;  that  is  to  say,  the  33*  of  the  mercury  only  elevates 
the  water  1*,  therefore  the  capacity  of  water  for  heat  is  33  times  that  of 
mercuiy ;  or,  if  we  call  the  capacity  or  specific  heat  of  water  I,  i;hen>the  capacity, 
or  specific  heat  of  mercury,  as  cominred  with  water,  will  be  I-33c^  or  .303. 

In  this  way  the  specific  heat  of  a  great  number  of  bodies  has  been  deter- 
mined, and  tables  constructed  in  which  they  are  recorded. 

111.  Apparent  Effeets  of  Heat.— The.  three  most  appa- 
rent effects  of  heat,  so  far  as  they  relate  to  the  form  and 
dimensions  of  bodies,  are  Expansion,  Liquefaction,  and 
Vaporization. 

112.  Theory  of  Expansion.— Heat  operates  to  produce 

■        I  I      ■  ■       I  ■  ■  I  ■  ■    ■      I  M      ^    IMP    «■■■■      M.^.H.-IIII     !■■  ■■■  ■■■■  !■■■  !■  ^.IM  — ^^i^  ■■■      .^M. 

QuBBTiOKs. — What  Batwtanoe  has  the  greatest  eapadty  for  heat  ?  How  do  great  hodiea 
of  water  serre  to  regulate  temperature  ?  What  is  caloriiuetry  ?  How  is  the  specific  heat 
of  hodiea  determined  f  What  are  the  three  most  apparent  efflecta  of  heat?  Hov  doei 
heat  produce  expansloa  f  .    .  ..    ^       ...      .'•> 
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expansion  by  introducing  a  repulsive  force  among  the 
particles  of  the  body  it  pervades.  This  repubive  force 
gives  to  the  particles  a  tendency  to  separate,  or  increase 
their  distance  from  one  another.  Hence  the  general  mass 
of  the  boily  is  made  to  occupy  a  larger  space,  or  expand. 

The  expansion  occasioned  by  heat  is  greatest  in  those 
bodies  which  are  the  least  influenced  by  cohesion.  Solids 
expand  less  for  equal  elevations  of  temperature  than 
either  liquids  or  gases. 

The  expansion  of  the  same  body  will  continue  to  in* 
crease  with  the  quantity  of  heat  that  enters  it,  so  long 
as  the  form  and  chemical  constitution  of  the  body  is  pre- 
served. 

113.  ExpanKionof  Solids.— Solids  appear  to  expand  uni- 
formly from  the  freezing  point  of  water  up  to  212**,  the 
boiling  point  of  water ; — ^that  is  to  say,  the  increase  of 
volume  which  attends  each  degree  of  temperature  which 
the  body  receives  is  equal.  When  solids  are  elevated, 
however,  to  temperatures  aliove  212^,  they  do  not  dilate 
uniformly,  but  expand  in  an  increasing  ratio. 

Different  solids,  however,  expand  very  unequally  for 
equal  additions  of  temperature. 

Among  solids  the  metals  expand  the  most ;  but  an  iron  wire  increases  only 
jg.      .g  ^*^^2  ^  ^^^  ^^^°  heated  from  32^'  of  the 

thermometer  up  to  212^.  Zinc  is  the  most 
expansible  of  the  metale^  and  platinum  the 
most  uniform  in  its  rate  of  expansion  at  all 
temperatures.  Wood  and  marble  expand 
but  slightly. 

The  expansion  of  solids  by  heat  is  clearly 
shown  by  the  following  experiment,  Fig. 
28.  m  represents  a  ring  of  metal,  through 
which,  at  the  ordinary  temperature,  a  small 
iron  or  copper  ball,  a,  will  pass  freely,  this 
ball  bemg  a  little  less  than  the  diameter  of 
the  ring.    If  this  ball  be  now  heated  by  the 

flame  of  an  alcohol  lamp,  it  will  expand  by*  heat  to  such  an  extent  as  no 

longer  to  pass  through  the  ring. 

QuimoxB.— What  twdlM  •zpand  most  under  fhe  iiillaenoe  of  heat  f    Is  the  ^xptauiaa 
ef  bodies  by  heat  limited  r    Whatisthelaw  of  expansion  for  solids  f 
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Bodies,  in  general,  expanded  under  the  influence  of 
heat,  return  to  their  original  dimensions  in  cooling. 

Lead,  however,  is  an  exception  to  this  rule.  From  its  extreme  softness, 
its  particles  slide  over  each  other  in  the  act  of  expansion,  and  do  not  return 
to  their  original  position.  "  A  leaden  pipe,  used  for  conveying  steam,  perma* 
nently  lengthens  some  inches  in  a  short  time,  and  the  leaden  flooring  of  a 
sink,  which  often  receives,  hot  water,  becomes,  in  the  course  of  use,  thrown 
op  into  ridges  and  puckers." 

114.  Force  of  Expansion.— The  force  with  which  bodies 
expand  and  contract  under  the  influence  of  the  increase 
or  diminution  of  heat,  is  apparently  irresistible,  and  is  re- 
cognized as  one  of  the  greatest  forces  in  nature. 

The  amount  of  force  with  which  a  solid  body  will  ex* 
pand  or  contract  through  the  influence  of  heat,  is  equal 
to  that  which  would  be  required  to  compress  it  by  me- 
chanical means  through  a  space  equal  to  its  expansion,  or 
elongate  it  through  a  space  equal  to  its  contraction. 

A  bar  of  malleable  iron,  having  a  section  of  a  ^uare  inch,  is  stretched 
1-1 0,000th  of  its  length  by  a  ton  weight ;  a  similar  elongation  is  produced  by 
the  influence  of  about  axteen  degrees  of  heat,  Fahrenheit  In  this  climate,  a 
variation  of  80^  F.  between  the  cold  of  winter  and  the  heat  of  summer  not 
unfrequently  takes  place.  Within  these  hmits,  a  wrought  iron  bar  ten  inches 
long  win  vary  in  length  5-l,000th  of  an  inch;  and  is  capable  of  exerting  a 
strain  of  fifty  tons  upon  a  square  incli. 

Experiments  made  a  few  years  since  demonstrated,  that 
Bunker  Hill  monument  is  caused  to  vary  each  day  from 
a  vertical  position,  by  the  heat  of  the  sun  expanding  un- 
equally the  granite  of  which  it  is  constructed. 

The  expansion  of  solids  by  heat  is  made  applicable  for  many  useful  pur- 
poses in  the  arts.  The  tires  of  wheels^  and  hoops  surrounding  water-vats, 
barrels,  etc.,  are  made  in  the  first  instance  somewhat  smaller  than  the  frame- 
"work  they  are  intended  to  surround.  They  are  then  heated  red  hot  and  put 
on  in  an  expanded  condition ;  on  cooling,  they  contract  and  bind  together  the 
several  parts  with  a  greater  force  tlian  could  be  conveniently  appUed  by  any 
mechanical  means.  In  like  manner,  in  constructing  steam-boilers,  the  rivets 
are  festened  while  hot,  in  order  that  they  may,  by  subsequent  contraction, 
bind  the  plates  together  more  firmly. 

In  many  operations,  however,  the  force  of  expansion  requires  to  be  care- 

QnKBTiOHB. — Is  expansion  hj heat  counteracted  hj  cooling?  Witti  what  force  do  hodies 
expand  and  contract  hy  the  increase,  or  diminution  of  heat  ?  Mention  some  instances  of 
expansion  in  the  arts  ?  In  irhat  cases  is  it  necessary  to  guard  against  the  expansion  of 
nlids? 
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fully  goarded  agtunst    This  ia  especially  the  caee  vhen  iron  \b  combined  in 
any  sUucCura  with  teas  expanaible  mBteriala. 

Iron  clamps  and  bais,  built  into  walla  of  moBoiirf,  ircquontlj'  neatcGii,  or 
destroy,  by  their  eipanMon  and  contraction,  tlie  siaiicture  thoy  were  intended 
to  support  Iron  pipes  used  for  the  coaveyaDco  c ''  steam  or  'lOt  water,  should 
not  be  alloired  to  abut  agtunst  a  wall,  or  substance  which  might  bo  moved, 
or  injured  by  their  cxpaDsioD. 

115.  Expansion  of  liquids. — Liquids  expand  through 
the  ageDcy  of  heat  more  uaec^uallj,  and  to  a  much  greater 
extent  than  solids. 

A  oolumn  of  water  contained  in  a  cylindrical  glass  vessel  will  expand 
l-23d  in  leugOi  on  being-heated  from  the  freezing  to  the  boilii^  point,  while 
a  coluinn  of  iron,  wilJi  Uio  same  increaBe  of  temperature,  will  expand  only 

i-sieth. 

A  ihmiliar  illustration  of  the  e:cpansion  of  wat«r  by  heat  is  seen  in  the  over* 
flow  cJfull  vessels  before  boiling  commences. 

Different  liquids  expand  very  unequally  with  an  equal  incresse  in  tem- 

Tbis  may  be  illustrated  by  partially  filling  several  ^bbb  tuties  Aimishcd 

with  bulbs,  with  diOerent  liquids,  as  ether,  alcohol,  water,  and  sulphurio  add, 

Fra  21  ""^  placang  them  m  a  voaact  of  hot  water.     Their 

different  rates  of  espansion  will  cause  them  to  rise 

to  different  heighia  in  the  tubes.     (Sea  Fig.  29.) 

Spirits  of  wioe,  on  being  heated  from  33°  to 
212°,  increase  in  bulk  one  ninth ;  the  oils  expand 
one  twelfth,  and  water  gains  ono  twenty-third.  A 
person  buying  oil,  molasses,  and  spirits  in  winter 
will  obtain  a  greater  weight  of  the  same  material, 
in  the  same  measure,  than  in  summer.  Spirits,  in 
the  beigiit  of  summer,  will  measure  five  per  cent 
more  than  in  the  depth  of  winter,  or  twenty  gal- 
lons bought  in  Januaiy  will,  under  ordiuarj  circumstances,  become  twenty- 
one  m  July. 

116.  Ineqnal  Expansion  of  Water.— Water,  as  it  de- 
creases in  temperature  toward  the  freezing  point,  exhihits 
phenomena  which  are  wholly  at  variacce  with  the  general 
law  that  bodies  expand  by  heat  and  coutract  by  cold,  or 
by  a  withdrawal  of  heat. 

As  the  temperature  of  water  is  lowered,  it  Centura  to  contract  until  It 
arrives  at  a  temperature  of  39"  F.,  when  all  further  contraction  ceases.  The 
volume  or  bulk  is  observed  to  remain  stationary  for  a  time,  but  on  lowering 
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the  temperature  still  more,  instead  of  contraction,  expansion  is  produoed,  and 
this  expansion  continues  at  an  increasing  rate  until  the  miter  is  congealed. 

Water  attains  its  greatest  density^  or  the  greatest 
quantity  is  contained  in  a  given  bulk^  at  a  temperature  of 

As  the  temperature  of  water  continues  to  decrease  below  39^,  the  point  of 
its  greatest  density,  its  particles,  from  their  expansion,  necessarily  occupy  a 
larger  space  than  those  which  possess  a  temperature  somewhat  more  elevated. 
The  coldest  water,  therefore,  being  lighter,  rises  and  floats  upon  the  surfiice 
of  the  wanner  water.  On  the  approach  of  winter  this  phenomenon  actually 
tabes  place  in  our  lakes,  ponds,  and  rivers.  When  the  surface  water  becomes 
sufficiently  diilled  to  assume  the  form  of  ice,  it  becomes  still  lighter,  and  con- 
tinues to  float  By  this  arrangement,  water  and  ice  being  almost  perfect 
jion-conductors  of  heat,  the  great  mass  of  the  water  is  protected  firom  the 
influence  of  cold,  and  prevented  from  becoming  cdiflled  throughout 

A  few  other  liquids  beside  water  expand  with  a  reduction  of  temperature^ 
Fused  iron,  antimony,  zinc,  and  bismuth,  are  examples  of  such  expansioiL 
Mercury  is  a  remarkable  instance  of  the  reverse,  fi>r  when  it  freezes,  it  suffers 
a 'very  great  contraction.     • 

The  ordinary  temperature  at  which  water  freezes  is  32^,  Fahrenheit's  thei> 
mometer.  This  rule  applies  only  to  fresh  water ;  salt  water  never  freezes 
until  the  surface  is  cooled  down  to'  27^,  or  five  degrees  lower  than  the  freezing 
point  of  fi^sh  water. 

117.  Expansion  of  Gases. — Gases  are  more  expansible 
by  heat  than  either  solids,  or  liquids.  All  gases  and  all 
yapors,  except  at  the  point  of  condensation,  are  expandecl 
equally  by  the  application  of  equal  additions  of  heat.  The 
rate  of  expansion  is  equal  to  the  l-490th  of  the  bnlk  which 
a  gas  possesses  at  32®  F.  for  every  degree  of  heat  which  it 
receives  above  that,  point,  and  for  every  degree  of  heat 
withdrawn  fix>m  them  a  contraction  to  an  equal  anK)unt 
takes  place. 

Thus  490  cubic  inches  of  air  at  32®  F.  becomes  491  cubic  inches  at  S3<>  F. ; 
at  34®  F.,  492  cubic  inches ;  at  35®  493,  and  so  on — ^the  addition  of  eveiy 
degree  of  heat  increasing  its  bulk  one  cubic  inch.  In  a  like  manner,  by  the 
withdrawal  of  heat,  490  cubic  inches  of  air  would  occupy  an  Inch  less  space 
at  31<'  than  at  32® ;  two  inches  less  at  30®,  and  so  on. 

By  means  of  this  law  we  can  easily  calculate  the  amount  of  space  whi6h  a 

QuKanoNB.«-At  vhat  tempentnre  does  water  possess  fhe  greatest  dentdty?  What 
beneficial  resnlts  attend  the  expansion  of  water  in  fireeslngf  Do  any  other  Uqntds  ^x- 
fand  in  cooling  beside  water?  At  what  temperature  does  water  ft«ese ?  In  what  man-i 
oer  do  gases  expand  f  What  law  governs  the  expanrion  of  gases?  How  can wectdcolata 
Uie  amoont  ef  space  a  gas  oocupies  ata  giren  temp«r%tara? 

4* 
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given  volume  of  gas  will  occupy,  when  heated  up  to  any  particular  tempera- 
ture ;  or  the  contraction  which  will  take  place  in  its  volume  tlirough  a  reduc- 
tion of  temperature.  A  given  volume  of  air  possessing  the  temperature  of 
freezing  water,  will  occupy  double  the  space  when  heated  490  degrees ;  and 
three  times  the  space  when  heated  dSO  degrees. 

118.  Theory  of  Heat  Hcasnrement.— As  the  magnitude 
of  every  body  changes  with  the  heat  to  which  it  is  exposed^ 
and  as  the  same  body,  when  subjected  to  calorific  influ- 
ences under  the  same  circumstances  has  always  the  same 
magnitude,  the  expansions  and  contractions  which  are  the 
constant  effects  of  heat,  may  be  taken  as  the  measure  of 
the  cause  which  produced  them. 

The  instruments  for  measuring  heat  are  Thermometers 
and  Pyrometers.  The  former  are  used  for  measuring 
moderate  temperatures :  the  latter  for  determining  the 
more  elevated  degrees  of  heat. 

Liquids  are  better  adapted  than  either  solids  or  gases  for  measuring  the 
effects  of  heat  by  expansion  and  contraction ;  since  in  solids  the  direct  ex- 
pansion by  heat  is  so  small  as  to  be  seen  and  recognized  with  ciifficulty,  and 
in  air  or  gases  it  is  too  extensive,  and  too  liable  to  be  affected  by  variations 
in  the  atmospheric  pressure.  From  both  of  these  disadvantages  liquids  are 
free. 

The  liquid  generally  used  in  the  construction  of  thermometers  is  mercury, 
or  quicksilver. 

Mercury  possesses  greater  advantages  for  this  purpose  than  any  other 
liquid.  It  is,  in  the  first  place,  eminently  distinguished  for  its  fluidity  at  all 
ordinary  temperatures ;  it  is,  in  addition,  the  only  body  in  a  liquid  state  whose 
variations  in  voliune,  or  magnitudcf  through  a  considerable  range  of  tempe- 
rature are  exactly  uniform  and  proportional  with  every  increase  and  diminu- 
tion of  heat  Mercury,  moreover,  boils  at  a  higher  temperature  than  any 
other  liquid,  except  certain  oils ;  and,  on  the  other  hand,  it  freezes  at  a  lower 
temperature  than  all  other  liquids,  except  some  of  the  most  volatile,  such  as 
ether  and  alcohol.  Thus  a  mercurial  thermometer  will  have  a  wider  range 
than  any  other  liquid  thermometer.  It  is  also  attended  with  this  convenience, 
that  the  extent  of  temperature  included  between  melting  ice  and  boiling 
water  stands  at  a  considerable  distance  from  the  limits  of  its  range^  or  its 
freezing  and  boiling  points. 

119.  The  lerearial  Thermometer  (see  Fig.  30)  consists 


QuBBTiOKa.— What  is  the  theory  of  heat  measaremeiit  f  What  are  the  instraments  for 
measoTing  heat  called  f  Why  are  liqoide  best  adapted  for  indicating  hj  eacpaiudon  and 
contraction  the  effects  of  heat  and  o(dd?  What  liquid  is  generaUy  employed  f  What  are 
the  adrantages  of  mercary  for  .this  poipose  ?    Describe  the  merearial  thermometer  f 
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essentially  of  a  glass  tubo  with  a  bulb  at  one  no.  30. 
end,  partially  filled  with. mercury.  The  mer- 
CHiy,  introduced  through  an  opening  in  the 
end  of  the  tube,  ia  afterward  boiled,  so  aa  to 
expel  all  air  and  moisture,  and  fill  the  tube  with 
its  own  vapor.  The  open  end  of  the  tube  is 
then  closed,  by  fusinc;  the  glass,  and  as  the 
mercury  cools  it  contiacts,  and  collects  in  the 
bulb  and  lower  part  of  the  tube,  leaving  a 
Tacoum  above,  through  which  it  may  again  ex- 
pand and  rise  on  the  application  of  heat.  In 
this  condition  the  thermometer  is  complete, 
with  the  exception  of  graduation, 

120.  aradualion  of  Ther  mome  I  ers.— As  thcr. 
momcters  aro  constructed  of  di.Terect  dimen^ons  anil  capaci- 
ties, it  ia  necessary  to  have  sorao  filed  rules  for  graduating 
them,  in  order  that  they  may  always  indicato  the  sarao  tcm- 
porature  under  the  same  drcumstancea,  aa  tlie  freezing  point, 
for  oxamplG.  To  accompliah  tliia  end  the  following  piaa  b^ 
been  adopted: — Tho  tliermo meters  aro  first  i.iimersEHl  m 
melting  snow  or  ice.  The  mercury  will  ho  observed  to  stop 
in  each  tlienuoraeter-tubo  at  a,  certain  height;  these  lieigLts 
are  then  marked  upon  tho  tubes.  Now  it  lias  been  ascertained 
that  at  whatever  time  and  place  the  instrumoDts  may  be  af- 
terward immersed  in  moiling  bdow  or  ice,  the  raercuiy  con- 
tuincd'in  Ibom  will  always  Hic  itself  at  tho  point  thus  maiked. 
This  point  is  called  tho  freezing  point  of  water. 

Another  fixed  point  is  determined  by  immersing  tho  iostru- 
menta  in  boiling  water.    It  has  been  found  tliat  at  whatever 
time  or  place  the  ioatrumcots  are  immersed  in  pure  water,   , 
when  boiling,  prorided  the  barometer  stands  at  tho  height  of  " 
thirty  inches,  tho  mercury  will  always  rise  in  each  to  a  certain  height    This, 
flierefbre,  forms  another  fixed  point  on  the  scale,  and  is  called  tho  boiling 

So  far  as  the  determination  of  the  boiling  and  freezing 
points  of  water  are  concerned,  all  the  varieties  of  tho  mer- 
curial thermometer  are  constructed  alike.  The  interval, 
however,  between  these  two  fixed  points  is  differently  di- 
vided in  different  instruments. 

(JoKBTiOBB.— How  sTe  UisTiDoiiielaff  gndssCed  t    la  whst  Taped  are  all  tharmonielort 
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121.  Fahrenheit's  Thermometer.— In  the  tneiinoaieter 
most'generally  used  in  the  United  States  and  England, 
and  which  is  known  as  Fabreuheit'a,  the  interval  on  the 
s&ile  between  the  freezing  and  boiling  points,  is  divided 
into  180  equal  parts,  TLis  division  is  similarlj  coDtinued 
helow  the  ireezlDij  point  to  ihu  place  0,  called  zero,  and 
each  division  upward  from  tliat  is  marked  with  the  sac- 
ceesive  nurabere  1,  2,  3,  etc.  The  freezing  point  will  now 
he  the  32i  division,  and  the  boiling  point  will  be  the 
212th  division.  These  divisions  are  culled  degrees,  and 
the  boiling  point  will  therefore  be  212°,  and  the  freezing 
temperature,  32°, 

Tbormomoters  of  tbls  character  are  colled  Fahrenheit's,  from  a  Dntdi  phi- 
losophical instmrneDt-iiiaker  who  fiiBt  introduced  Uua  method  of  gruduatkoi 
in  the  year  1724. 

"The  zero  of  a  thennometric  scale  has  no  reladon  to  the  real  zero  of  hea^ 
or  the  point  at  which  bodies  are  entirely  deprived  of  heat.  Of  this  poiut  we 
know  QOtliiog,  and  there  is  no  reason  lo  suppose  we  have  over  approached  it, 
Tlio  scale  of  temperature  maj  be  compared  to  a  chuio,  extended  both  upward 
Bod  downn-ard  beyond  our  sight  We  fix  upon  a  particular  Hnk,  and  count 
upward  aiid  downward  from  that  linh,  and  not  fi'Om  the  begiiming  of  the 
chain."— GRiHAU. 

Id  indicating  tliermomotrical  degrees,  the  sigti  —  is  used  to  de^^at«  those 

below  the  zero  point,  m  order  to  distinguish  them  &om  degrees  of  the  same 

S'la-  HI.  name  above  the  zero  point.    Thus,  32°  means 

the  32d  d^ree  above   zero;   and  — 32°   the 

32dielowzertj. 

122.  Rcanmur  and  GeDligrade 
T  h  er  m  offl  f  I  en. — In  addition  to  Fah> 
renheit's  thermometer,  two  others 
are  extensively  used,  which  are 
known  as  Reaumur's,  and  the  Cen- 
tigrade thermometer,  or  thermome- 
ter of  Celsins. 

The  only  diiTcrence  between  theie  three  kinds 

of  thermometers  is  the  difference  in  graduating 

the  interval  between  the  freezing  and  boiling 

pduts  of  water.     Beaumur's  is  divided  inla  eighty  degrees,  the  Centigrade 

QraiTinni.— Describe  the  gndiutlon  at  FshrenhHt'i  thermotnetar.  WhU  doeo  th* 
tero  prfnl  IndltMtef  Hd*  in  ilejjrein  beloT  Mm  dl'llTienUwd  F  What  other  •nlHm 
Dned  F    DsKribe  tho  grodiuUiHi  ot  Keumur ;  of  Ceatignda. 
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Into  one  hundred,  and  Fahrenheit's  into  one  hundred  and  eig^hty.  According 
to  Beaumur,  water  freezes  at  0^,  and  boils  at  80^ ;  according  to  Centigrade, 
it  freezes  at  O*',  and  boils  at  100® ;»  and  according  to  Fahrenheit,  it  fi-eezes  at 
32®,  and  boils  at  212®;  the  last,  very  singularly,  commences  counting,  not 
at  the  freezing  point,  but  32®  below  it* 

The  diflerence  between  these  instruments  can  be  easQy  seen  by  reference 
to  Fig.  31. 

In  England,  HoUand,  and  the  United  States,  the  thermometer  most  gener* 
ally  used  is  Fahrenheit's.  Reaumur's  scale  is  used  in  Germany,  and  the  Cen- 
tigrade in  France,  Sweden,  and  some  other  parts  of  Europe.  The  scale  of 
the  Centigrade  is  by  fiur  the  simplest  and  most  rational  method  of  graduation, 
and  at  present  it  is  almost  imiversally  adopted  for  scientific  purposes. 

The  scale  employed  in  the  present  work  is  that  of  Fahrenheit's. 

The  thermometer  was  invented  about  the  year  1600 ;  but,  like  many  other 
inventaons,  the  merit  of  its  discovery  is  not  to  be  ascribed  to  one  person,  but 
to  be  distributed  among  many. 

The  variety  of  circumstances  under  which  thermometers  are  used,  have 
occasioned  a  considerable  variety  in  their  form.  The  following  are  some  oC 
tbe  most  important  of  these  modifications. 

128.  The  Belf-Regiitering  Tbermometer  is  a  form  of 
thermometer  contrived  for  the  purpose  of  ascertaiDinp:  the 
extremes  of  variation  which  may  occur  daring  a  particula** 
interval  of  time^  as  in  the  night. 

Fia.  32. 
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It  consists  of  two  horizontal  thermometers  attached  to  one  fi-ame,  as  is  rep« 
resented  in  Fig.  32,  the  one.  A,  containing  mercury,  and  the  other,  B,  spints 
of  wine.    On  the  sur&ce  of  the  mercurial  column  in  the  tube  is  placed  a 


*  The  tempentares  ezpreiaedby  one  thermometer  scale  may  he  easUy  redaced  to  that 
of  another,  by  remembering  thatO*  of  Fahrenheit  are  equivalent  to  5°  of  Centigrade,  or 
4"*  of  Reanmnr.  In  converting  Fahrenheit  to  Beanmnr,  or  Centigrade,  if  the  degree  be 
ahove  the  freesli^  point,  82°  most  be  first  tabtraeted,  in  order  to  reduce  th^  degrees  of 
tile  other  scales  to  those  of  Fkhrenheit ;  but  in  the  oonrersion  of  Beaumnr  or  Centigrade 
to  Fahrenheit,  82^  must  he  added. 


Qonnoirs.— When  was  the  thermometer  invented?    What  is  a  aelf<-registering  ther- 
mometer?   Deseribeitseonstmctionf 
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piece  of  steel- wire,  and  on  the  sar&ce  of  the  spirita  of  wine,  a  piece  of  black 
enamelf  or  ivory.  As  the  spirits  contract  by  exposure  to  cold,  the  enamel 
follows  it  toward  the  bulb ;  but  when  it  ^expands,  the  enamel  remains  sta- 
tionary, and  suffeni  the  liquid  to  pass  by  it.  When  the  mercury  contracts, 
the  steel-wire  does  not  follow ;  but  when  the  mercury  expands,  it  is  forced 
along.  Consequently,  it  remains  at  the  highest  temperatura  The  position, 
therefore,  of  the  two  indices  will  indicate  the  lowest  and  highest  tempera- 
tures during  any  given  time.  A  simpler  form  of  thermometer  for  indicatinfr 
maTrimum  t^mpemtura^  has  been  coustructed  by  Messrs.  Negretti  and  Zam' 
bia,  of  London,  and  is  known  by  their  names.  It  is  merely  an  ordinary  ther^ 
mometer,  placed  horizontally,  with  a  contraction  in  the  tube  just  above  tto 
bulb.  When  the  mercury  expands  through  heat,  the  expansive  force  pushes 
the  column  past  the  contraction  without  difficulty ;  but  when  the  temperaturo 
fiUls,  and  the  expansive  force  ceases  to  act,  the  contraction  in  the  tube  pre- 
vents the  column  fit>m  receding.  The  position  of  the  mercury  above  the 
contraction  indicates,  therefore,  the  highest  temperature  attained  once  the 
last  observation.  The  mercurial  column  is  restored  to  its  true  place,  by  a 
slight  percussion  of  the  instrument. 

124.  The  Differential  Thermometer  is  a  form  of  ther- 
mometer BO  named  because  it  denotes  only  differences  of 
temperature  between  two  substances,  or  two  contiguous 
portions  of  the  same  atmosphere. 

Fia  33  ^^  consists  of  two  glass  bulbs  on  one  tube,  bent  twice  at 

right  angles,  and  supported  as  represented  in  Fig.  33.  Tho 
bulbs  contain  sdr,  but  the  tube  is  nearly  filled  with  sulphuric 
acid  colored  red.  To  one  leg  of  the  tube  is  applied  a  scale. 
When  the  bulbs  of  this  instrument  are  heated  or  cooled  alike, 
no  change  will  take  place  in  the  columns  of  liquid,  becauso 
the  air  in  both  bulbs  will  undergo  an  equal  expansnon  or  oon- 
traction ;  but  the  Instant  any  inequality  of  temperature  exists 
between  them,  as  from  bringing  a  licatod  substance  near  to 
one  of  them,  the  liquid  in  tho  two  legs  wiU  rise  and  &n  rapidly. 

125.  Metallle  Thermometer. — A  very  delicate 
thermometer,  known  as  the  metallic,  or  Bre- 
guet's  thermometer,  is  constructed  on  the  principle  of  the 
unequal  expansion  of  two  metals. 

It  consists  (see  Fig.  34)  of  two  equal  strips  of  platinum  and  silver,  firmly 
soldered  togeUier  and  coiled  in  the  farm  of  a  spiral.  One  end  of  the  spiral 
is  suspended  fh>m  a  fixed  point,  while  the  lower  end  is  fi^e  and  carries  an 
index.    Variations  of  temperature  cause  the  two  metals  to  expand  and  con- 


QuxmoziB.— What  is  the  fhermomeler  of  Negrett6  and  Zambra  t  What  ia  a  differential 
thennomster  t  Deaeribe  ita  oonatoaotion.  Deaoriba  the  metallio,  or  Br^:uet*a  thermom- 
•ter. 
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tract  anequall/,  and  the  spiral  to  tTrlst  Fio.  31. 

ia   opposite   directions.      These   mo-  _ 

tiona  imparted  to  the  index,  cause  iC 

to  move  over  a  graduated  nrcle,  on 

wUch  d^rees  ai<e  indicated.    So  Bea- 

dtive  is  tliis  inatrument,  that  when 

iaclosad  ID  a  laige  receiver,  which  waa 

rapidly  exhausted  by  an  air  pump,  it 

iudiealed  a  reduction  of  temperature 

from  66°  to  26°— 4lo,  wbile  a  mer- 

curiBl  thormometor  foil  only  to  36". 

For  chemical  purposes,  thermom- 
eters are  sometimes  cooBtruoted  iu 
audi  a  WBj,  tiiat  the  lower  part  oTtha 
Bcala  turns  up  bj  a  hinge,  in  order  to 
allow  the  bulb  to  be  immersed  in  cor- 
rosive liquids.    (See  ^.  35.) 

126.  Air   Thermometeri  — 
The  Brst  thermometer  used  ooosisted  of  a  column  of  air  oouflned  in  a  glass 
Fio.aS.tot*  "t^  c<*)rod  water.    Heat  es-  j'jg_  3g_ 

pands  the  air  and  increases  the  length  

of  the  column  downwani,  pushing  the 
water  beKire  H ;  cold  produces  a  con- 
trary eCfect  The  temperature  is  thus 
indicated  by  the  height  at  which  the 
1^  water  ia  elevated  In  the  tube.  1^.  3S 
reprstants  tiie  priociple  of  the  con- 
strnctiot]  of  the  air  thermometer. 

Fig.  31  represents  an  air  thermom- 
eter flUcd  up  with  a  scales  i^Q^  termed 

the  thermometer  of  Sauctorina,  &t>m  ila  inventor.  Fia.  3T. 

13T.  Spirit  Thermometarn . — As  the  tempetature 
is  lowered,  the  mercury  ia  Fahrenheit's  thermometer  gradually  sinks, 
until  it  reaches  a  ptnnt  39°  below  lero,  where  it  freezes.  Mercury, 
tiienibre^  can  not  ba  made  available  for  measuiing  cold  of  a  greater 
intensity.  This  ditQcuI^  ia,  however,  obviated  by  using  a  thermom- 
eter filled  witii  aloohd  colored  red,  ta  this  fluid,  when  pure,  never 
Inezee,  but  will  continue  to  siiJc  lower  and  lower  in  the  tube  as  the 
cold  increasea.    Such  a  thannometar  ia  called  a  spirit  thermometer. 

128.  P  r  r  0  m  «  I  e  r  « .—If  a  FUirenheit's  thermometer  he  heated, 
the  mercury  cont^ned  in  it  will  rise  in  tiie  tube  until  it  reaches  660°, 
at  which  temperatnre  it  b^ns  to  boil      A  sl^t  additional  heat    ' 
forma  vapor  suffldent  to  bor^  the  tube.     Hercuiy,  thereGira,  can  not  be  used 
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to  mcaaure  degrees  ofhoat  of  greater  intensitr  than  660°  ?,  Temperntorca 
greater  than  tliis  are  dotormioed  by  coeans  of  the  expansion  of  solids  j  and 
iUEtrumeals  fbandad  upon  this  principle  are  commonlj  called  pjrometera. 


The  priorfpteof  the  construction  of  Uie  pyrometer  is  shown  in  Kg,  3a 
A  represents  a  metallic  bar,  fixed  at  one  end,  B,  bat  left  fVee  at  the  otber, 
and  in  contact  with  the  oad  of  a  pointer,  K,  movii^  Ibeely  over  a  gradnated 
Kale.  If  tho  bar  be  heated  by  the  flame  of  ak«hol,  tbo  metal  expands,  and 
prcsdng  upon  thi>  end  of  the  pdnter,  mores  it,  in  a  greater  or  less  degree^ 
In  this  manner,  tho  effect  of  heat^  ^ipliod  for  a  given  lengtb  of  time,  to  ban 
of  diOereat  metals,  having  tlie  same  length  and  diameter,  may  be  detenuinod. 

The  pyrometer  nf  practical  use  is  known  as  Daniel's,  and  consists  of  a 
platinum  bar  inclosod  in  a  tube  of  black-lead,  ck)BBd  at  the  bottom.  The 
whole  is  then  placed  in  Hie  fire,  or  in  a  maa  of  melted  mctaJ,  whose  tem- 
perature it  ia  de^jble  to  ascertain.  The  platinum  expands  much  more  tiian 
the  case  which  incloaes  it,  and  projecting  upward,  moves  a  lover,  which  driyc* 
ibrward  au  index  over  a  graduated  tic 

A.  thermometer  does  not  inform  U4  how  much  heat  any  sabetance  contains, 
but  it  merely  poiolti  out  the  difference  in  the  temperature  of  two  or  more 
■uhstancea.  All  we  lesm  by  the  thermometer  is  whether  the  temperature 
of  one  body  ia  greater  or  less  than  that  of  another;  and  if  there  is  a  differ- 
ence, it  is  expressed  numerically — namely,  by  the  degrees  of  the  thermom- 
eter. It  miut  bo  remembered  that  these  degran  are  part  of  an  arbitTHry 
scale,  selected  for  convenience,  witliout  any  reference  whatever  to  tba  actual 
quantity  of  heat  present  io  bodies. 

129.  Flnidilf  ii  an  Effect  tf  Heat.— The  firet  effect 
produced  by  heat  upon  solids  is  expansion.  If  the  heat 
oe  augmented,  they  change  their  aggregate  state,  and 
melt,  or  become  liquid.  Many  solids  become  soft  before 
melting,  bo  that  they  may  be  kneaded  ;  for  instance,  wax. 
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glass,  and  iroD.     In  this  position,  glass  can  be  bent  and 
molded  with  facility,  and  iron  can  be  forged  or  welded. 

130.  Liqae  fact  ion. — By  liquefaction  we  understand  the 
conversion  of  a  solid  into  a  liquid  by  the  agency  of  heat, 
as  solid  ice  is  converted  into  water  by  the  heat  of  the  sun. 

The  temperature  at  which  liquefaction  takes  place  is  called 
the  melting  point,  or  point  of  fusion  ;  and  that  at  which 
liquids  solidify,  the  freezing  point,  or  point  of  congelation. 

The  melting  point  of  a  given  solid  is  always  fixed  and 
constant,  but  the  degree  of  heat  at  which  different  solids 
melt  varies  exceedingly. 

Thus,  platinum  is  not  melted  at  3280^ ;  iron  melts  at  about  28009 ;  lead 
at  612°;  wax,  U20;  tallow,  92^;  olive  oil,  36°;  ice,-  32°;  milk,  30®;  oil 
of  turpentine,  149  ;  mercuiy,  —  39°;  liquid  ammonia,  —  46° ;  while  pure 
alcohol,  having  never  been  solidified,  possesses  no  known  melting  point 

131.  Vaporization. — By  vaporization  is  meant  the  con- 
version of  liqtdd  and  solid  substances  into  vapor,  through 
the  agency  of  heat.  Thus  water,  if  heated  sufficiently, 
will  be  converted  into  steam.  It  is  generally  supposed 
that  all  solid  and  liquid  substances,  under  the  influence  of 
a  sufficient  degree  of  heat,  are  susceptible  of  this  change. 

A  gas  differs  from  a  vapor  in  the  circumstance  that  it 
is  not  so  easily  condensed  into  a  liquid,  but  permanently 
retains  its  state  under  all  ordinary  conditions  of  tempera- 
ture and  pressure. 

132.  Condensation. — If  a  body  in  a  state  of  vapor  lose 
Jieat  in  sufficient  quantity,  it  will  pass  into  a  liquid  or 
solid  state.  Thus,  if  a  certain  quantity  of  heat  be  alh 
stracted  from  steam,  it  will  become  water.  This  change 
is  called  Condensation. 

The  change  from  a  state  of  vapor  to  a  liquid  is  termed  condensation,  he- 
cause,  in  so  doing,  the  hody  always  undergoes  a  yeiy  considerable  diminution 
of  volume,  and  therefore  becomes  condensed. 

'    133.  Volatile  and  Fixed  Bodiesi — Substances  accordmg  to  the 
iadlitj  with  which  they  yield  vapor,,  are  said  to  be  volatile,  or  fixed  and  non- 

QuBeTioi<rs.^What  is  liquefaction  f  What  li  said  respeoting  ^e  melting  point  of 
bodies?  What  if  Taporiaation  t  How  does  a  gas  differ  from  a  vapor  f  What  ia  meant 
by  the  term  oondennatlonaaappUed  to  vapors  r  WhatiarabUnatiaDt  What  ia  the  dia- 
tinetioa  between  fixed  and  volatile  subBtonoesf 
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volatUa  A  volatile  sabstanoe  ia  one  which  yields  vapor  readily  by  the  ap- 
plication of  heat,  and  wastes  away  on  simple  exposure  to  the  atmosphere. 
Those  substances,  on  the  contrary,  are  said  to  be  fixed  and  non-volatile, 
which  have  little  or  no  tendency  to  assume  the  condition  of  vapor.  Thus, 
iron  is  a  fixed  substance,  because  it  does  not  8u£fer  a  sensible  degree  of 
waste  when  exposed  to  intense  heat  Oils  which  do  not  evaporate  on  simple 
exposure  to  the  atmosphere  are  also  termed  fixed,  to  distinguish  them  fix)m 
those  which  yield  vapor  under  the  same  circumstances. 

The  melting  of  a  solid,  or  its  conversion  into  a  liquid,  only  occurs  when  tho 
solid  is  heated  up  to  a  certain  fixed  point ;  but  the  conversion  of  a  liquid 
into  a  vapor  takes  place  at  all  temperatures. 

Thus,  the  vapor  of  water  is  continually  passing  off  finom  the  sur&ce  of  the 
soil,  firom  the  ocean,  and  from  all  animal  and  vegetable  productions.  The 
production  of  vapor  also  takes  place  to  a  very  considerable  extent  txnm  the 
surface  of  snow  and  ice,  even  when  the  temperature  of  the  air  is  &r  below 
the  fireezing  point 

This  circumstance  explains  the  waste  of  snow  and  ice  which  may  be  ob- 
served during  the  continuance  of  severe  cold. 

134.  Vapors  Invisible. — The  vapor  of  water,  and  all 
other  vapors,  are  invisible  and  transparent.  The  water 
which  has  become  diffused  through  the  air  by  evaporation 
only  becomes  visible  when,  on  returning  to  its  fluid  con- 
dition, it  forms  mist,  cloud,  dew,  rain,  etc. 

Steam,  which  la  the  vapor  of  boiling  water,  is  invisible,  but  when  it  comes 
in  contact  with  air,  which  is  cooler,  it  becomes  condensed  into  small  drops, 
and  is  thus  rendered  visible. 

The  proof  of  this  may  be  found  in  examining  .the  steam  as  it  issues  fix)m 
an  orifice,  or  the  spout  of  a  boiling  kettle :  for  a  short  space  next  to  the  open- 
ing no  steam  can  be  seen,  since  the  air  is  not  able  to  condense  it ;  but  as  it 
spreads  and  comes  in  contact  with  a  larger  volume  of  air,  the  invisible  vapor 
becomes  condensed  into  drops,  and  is  thus  rendered  visible. 

The  visible  matter  popularly  called  steam,  should  be,  therefore,  distin- 
goished  torn  steam  proper,  or  the  aeriform  state  of  water.  The  doud,  or 
smoke-like  matter  observed,  is  really  not  an  air  or  vapor  ai  all,  but  a  ooUeo- 
tion  of  minute  bubbles  of  water,  wafted  by  a  current  either  of  true  steam,  or, 
more  frequently,  of  mere  moist  air. 

The  surface  of  any  watery  liquid,  whose  temperature  is  about  20^  warmer 
than  any  superincumbent  air,  rapidly  gives  off  true  steam.  It  is  not  neces- 
sary, therefore,  for  the  production  of  steam,  that  water  should  be  raised  to 
the  boiling  temperatura 

135.  Comparative  Tolume  of  Tapori.— Liquids  in  pass- 


Qunnoirs. — ^Do  rmpon  form  at  all  teraperataret  1  Are  rapon  really  Tidble  i  Is  steam 
InTisible  f  What  is  the  proof  of  it !  At  what  temperature  is  steam  prodooed  f  What  is 
the  comparatiTe  rolume  of  vapors  t 
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iDg  into  vapors  occupy  a  much  greater  spac3  than  the  sub- 
stances from  which  they  are  produced.  Water,  in  passing 
fiom  its  point  of  greatest  density  into  steam^  expands  to 
nearly  1700  times  its  volume. 

136.  DcflRitjr  of  Tapori.— Vapors  are  of  all  degrees  of 
density.  The  vapor  of  water  may  be  as  thin  as  air,  or  al- 
most as  dense  as  water. 

The  subject  of  yaporization  may  be  ooDsidered  under  two  headsy  yiz., 
eri^ration  and  ebullition. 

137.  EvaporatioA.— When  vaporization  takes  place  only 
from  the  surface  of  a  body,  either  because  the  heat  has 
access  to  that  part,  or  because  the  evolution  of  vapor 
takes  place  through  the  medium  of  a  gas  or  air  present, 
the  action  can  only  be  recognized  by  the  diminution  of  the 
bulk  of  the  body ;  this  phenomenon  is  termed  Evapora- 
tion. 

138.  EbnllitioD. — ^When  a  liquid  is  heated  suflSciently 
to  form  steam,  the  production  of  vapor  takes  pltu5e  prin- 
cipally at  that  part  where  the  heat  enters  ;  and  when  the 
heating  takes  place  not  from  above,  but  from  the  bottom 
and  sides,  the  steam  as  it  is  produced  rises  in  bubbles 
through  the  liquid,  and  produces  the  phenomenon  of  boil- 
ihg,  or  ebullition. 

Boiling,  therefore,  may  be  defined  to  be  the  mechanical  agitation  of  a  fluid 
by  its  own  vapor. 

139.  Boiling  Point. — The  temperature  at  which  vapor 
rises  with  si^cient  freedom  to  cause  the  phenomenon  of 
ebullition,  is  called  the  boiling  point. 

140.  Conditions  of  Evaporation.— Evaporation  takes 
place  from  the  surfaces  of  bodies  only,  and  is  influenced 
in  a  great  degree  by  the  temperature,  dryness,  stillnesSj 
and  density  of  the  atmosphere.* 

*  It  !■  «  eommon  error  that  the  Bvm*B  rayv  «re  the  first  ■onree  of  ermporation,  and  many 
penwna  Ignoranfly  imagine,  that  becauoe  a  locality  is  sunny  it  is  sure  to  be  dry.  It  can, 
howererf  be  diown,  by  a  great  rariety  of  facts,  that  the  wind  has  more  to  do  with  drying 

Quamoif^— What  is  said  of  the  density  of  sapors?  In  what  two  ways  may  liquids  be 
vaporised  f  What  li  eraperation  f  What  is  ebnllitlon  f  Define  boiling  and  the  boiling 
point    What  are  the  conditions  of  eraporaUon  f 
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When  water  is  covered  by  a  stratom  of  dry  air,  the  evaporation  is  rapid, 
even  when  its  temperature  is  low ;  whereas  it  goes  on  very  slowly  if  the  aU 
mosphere  contains  much  vapor,  even  though  the  air  be  veiy  warm. 

Evaporation  is  &r  slower  in  still  air  than  in  a  current.  The  Mr  imme- 
diately in  contact  with  the  water  soon  becomes  moist,  and  thus  a  check  is 
put  to  evaporation.  But  if  the*  air  be  removed  by  wind  from  the  sur&ce  of 
the  water  as  soon  as  it  has  become  charged  with  vapor,  and  its  place  sup- 
p&ed  with  fresh  air,  then  the  evaporation  continues  on  without  interruption. 

Air  without  vapor  (theoretically  known  as  dry  air)  does  not  exist  in  na- 
ture, and  can  not  probably  be  produced  by  art. 

141.  Capacity  for  Absorption.— Air  absorbs  moisture  at 
all  temperatures,  and  retains  it  in  an  invisible  state.  This 
power  of  the  air  is  termed  its  capacity  for  absorption. 

The  capacity  of  air  for  moisture  increases  with  the  tem- 
perature. 

and  erapontion  than  the  san.  In  the  formation  of  ioe  on  ponds,  for  instanee,  on  a  windy 
night  in  extreme  winter,  nothing  is  actually  gained,  since  the  ice  wastes  bj  eraporation 
from  the  surfikce  as  fast  as  it  forms  beneath.  Ehrery  housewife  knows  that  w^t  linen 
dries  more  rapidly  when  flying  in  the  oold  wind,  than  when  banging  quietly  in  the  wann 
■nn.  The  driving  blast  which  aoeompanies  those  sudden  showers  that  Tex  and  drench 
InKvelers  in  mountain  regions,  brings  an  almost  instant  remedy  when  the  showtf*  ham 
passed.  Air  at  rest  will  take  up  only  a  limited  quantity  of  moisture,  and  is  speedily  satu- 
rated. But  air  in  motion  is  nerer  satisfied,  and  is  constantly  abstracting  moisture  from 
the  soIL  It  is  not  the  ofaaraeter  of  the  soil,  but  the  constant  and  unobstructed  motion  of 
the  air,  which  reduces  open  land  to  barrenness. 

"A  proper  understanding  of  the  influence  whidi  trees  and  forests  hare  upon  the  fea* 
tility  of  a  country,  by  oontroling  the  evaporation  of  moisture  from  its  surface.  Is  of  greaft 
practical  importance.  It  is  mattier  of  surprise  to  every  one  who  Journeys  in  Syria  or 
Greece,  that  the  sacred  and  classic  streams  should  be  of  such  mean  dimensions.  Tlie 
circumstance,  however,  finds  mx  explanation  in  the  faet,  that  the  hills  of  these  countries 
have  been  almost  entirely  deprived  of  their  forests.  And  the  like  cause  will  everywhere 
produce  the  like  effect.  In  an  open  oountry,  the  absolute  quantity  of  water  which  flie 
rivers  discharge  is  not  only  less  than  in  a  wooded  oountry,  but  the  flow  is  incomparably 
more  irregular  and  unequal.  It  has  been  especially  noticed  in  the  Western  States,  th<t 
since  the  country  has  been  extemdvdy  cleared,  the  alternations  of  tbe  *  stage*  of  water 
in  the  rivers  have  been  more  marked  and  violent  Jn  New  Enghuad  the  eifect  of  an  India* 
criminate  dearing  away  of  forests  has  been  practically  illustrated  by  the  constant  hin- 
derance  of  mill-streams  from  drought  and  freshets.  Many  water-privfl^^s  which,  half  a 
century  ago,  were  valuable  and  steady,  have  now  become  nearly  worthless.  The  dam 
which  was  conveniently  put  up  to  saw  an  adjoining  forest  Into  profitable  plank,  now 
that  its  excellent  work  is  done,  will  drive  the  saw  in  the  summer  no  longer.  ICany  of  the 
larger  New  England  factories  have  been  compelled  to  introduce  steam-power  to  supply  a 
deficiency  in  the  volume  of  water,  which  a  few  years  ago  was  not  troublesome.  The  cut- 
ting away  of  forests  does  not  probably  diminish  the  quantity  of  rain  or  snow,  although 
iM>me  antiiortties  maintain  that  this  is  the  fact ;  but  it  deprives  the  moisture  of  Us  bene- 
ficent effect  upon  the  earth,  by  causing  it  to  be  too  rapidly  abstracted — thus  producing 
pernicious  alternations  of  freshet  and  drought,  which  areas  fatal  to  the  healtii  of  the  soil, 
as  to  the  health  of  the  men  who  own  the  soil.** 

QvnnoirB.—DoeB  air  exist  without  vapor?    What  is  understood  by  the  capacity  of  ab* 
sorption  in  air  7 


THE    EFFECTB    OF    HEAT.     "  93 

A  Yolumo  bf  til  at  32°  ata  absorb  an  amouot  of  maistaro  M[iial  l»  the  hun-' 
dred  and  fdxtieth  part  oTiU  own  weight,  and  for  eveij  21  addillonal  degrees 
of  hettt,  th«  quaatil?  of  water  It  can  absorb  at  32°  U  doubled.  Thus  a  bod; 
ofairat33°F.abBorbattie  160tli  part  of  its  owa  weight  j  at  59°  F^  the  80th ; 
at  se"  F.,  the  40th ;  at  113°  F.,  the  20tli  part  oTita  owa  weight  in  luoiatnTe. 
It  follows  from  this '  that  while  the  temperature  of  the  air  advaooes  in  an 
aritboietical  eetiea,  ha  capadtf  Ibr  moiBture  is  accelerated  in  a  geometjdoal 

Air  is  said  to  be  saturated  with  moisture  when  it  cou- 
tains  as  much  of  the  vapor  of  water  as  it  is  capable  of 
holding  with  a  given  temperature. 

142.  Hf-grom'c-leri. — Instruments  designed  for  meas- 
uring the  quantity  of  moisture  contained  in  the  atmos- 
phere, are  called  Htgbohetebb.^ 

Uaoj  oi^anic  bodies  have  the  proper^  of  absorbing  vapor,  and  thus  in- 
creaaDg  their  dimensions.  Among  such  ma/  bo  menUooed  hair,  wood,  whale- 
bone, ivory,  etc  Any  of  these  connected  with  a  mechanical  arrangement  bj 
which  the  change  in  rolume  might  be  roistered,  would  Aimiah  a  hygrome- 
ter. The  thin,  transpareqt  shavings  of  whalebone,  which  bjr  bending  and 
rolling  up  when  placed  upon  the  warm  hand,  coikgtiCute  the  {<jq_  39^ 
so-called   sensitive   figures,   ore  illustrations  of  this  prin- 

If  we  fix  against  a  wall  a  long  piece  of  catgut,  and  hang 
a  weight  to  the  end  of  ii^  it  will  be  observed,  as  the  air  , 
becomes  moist  or  dry,  to  alter  in  length ;  and  by  marfcing  j 
a  scale  the  two  extremities  of  which  are  determined  by  ob-  ] 
servation  when  the  air  is  very  dry,  and  when  it  is  saturated 
with  moistore,  it  irill  be  fbuud  ea^  to  measure  the  raria- 

143.  Hall"  Hygrometer. — An  histmment  called 
the  "  Hair  Hygrometer,"  is  constructed  upon  this  primaple. 
It  counts  of  a  human  bair,  fhstened  at  one  extremity  to  a 
screw  (see  Fig.  39),  and  at  the  other  pasfdng  over  a  pidley, 
being  strained  tight  by  a  silk  thread  and  weight,  also  at- 
tached to  the  pulley.  To  (he  axis  of  the  pulley  an  index 
ts  attached,  which  passes  over  a  graduated  scale,  so  that  as 
the  pulley  turns,  through  the  diortening  or  IragtheDiog  of 
the  hair,  the  index  moves.  Wben  the  instrument  is  in  a 
damp  atmosphere,  the  hair  absorbs  a  ooDsiderable  amount 
of  vapor,  and  is  thus  made  longer,  while  in  dry  lur  it  be- 


*  HutrtmtUr,  fnm  Uic  GreA  ward*  vypat  (molil)  Had  iiirpm  (mettan). 
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comes  shorter ;  eo  that  the  index  is  of  course  turned  alternately  from  one  ende 
to  the  other. 

The  instrument  is  graduated  hy  first  placing  it  in  air  artifidallj  made  as 
dry  as  posdble,  and  the  point  on  the  scale  at  which  the  index  stops  under 
these  oircumstanoes,  is  the  point  of  greatest  dryness,  and  is  marked  0.  Tho 
hygrometer  is  then  placed  in  a  confined  space  of  air,  which  is  completely 
saturated  with  vapor,  and  under  these  circumstances  the  index  moves  to  the 
other  end  of  the  scale :  this  point,  which  is  that  of  greatest  moisture,  k 
marked  100.  The  intervening  space  is  then  divided  into  100  equal  partem 
which  indicate  different  degrees  of  moisture. 

Fio.  40.  ^^   DaniePs   Hygrometer.  —  Another 

form  of  hygrometer,  known  as  "  Daniel's  Hygrom- 
eter,'' determines  the  moisture  in  the  air  by  indicat- 
ing the  dew  pomt,  or  the  temperature  at  which 
moisture  is  deposited  from  the  air.  It  consists  of  a 
bent  tube  of  glass,  Fig.  40,  at  the  extremities  of 
which  two  bulbs,  a  and  (,  are  blown.  The  bulb  b 
is  made  of  black  glass,  and  contains  a  little  ether, 
into  which  dips  the  ball  of  a  small  and  deUcate 
thermometer,  contained  in  the  cavity  of  the  tube. 
The  whole  instrument  contains  only  the  vapor  of 
ether,  the  air  having  been  removed.  The  bulb  a  is 
covered  over  with  a  piece  of  muslin.  The  support 
of  the  tube  sustains  another  thermometer,  by  which 
we  can  observe  the  temperature  of  the  ur.  When 
an  observation  is  to  be  made  with  this  instrument, 
a  little  ether  is  poured  on  the  muslin  of  tho  bulb  a;  this  evaporates  rapidly, 
and  by  so  doing  reduces  the  temperature  of  the  other  bulb,  b.  As  .soon  as 
this  has  cooled  sufficiently  to  condense  the  moisture  of  the  atmosphere,  dew 
'will  be  observed  to  collect  upon  it,  and  the  temperature  at  which  tiie  deposi- 
tion takes  place  is  determined  by  observing  the  thermometer  included  in  the 
tube.  If  the  air  is  very  moist,  it  is  necessary  to  cool  the  bulb  b  but  very  little 
before  dew  is  deposited  upon  it;  i^  however,  the  air  is  very  dry,  the  cooling, 
must  be  carried  to  a  corresponding  lower  degree.  If  the  air  is  perfectly 
saturated,  the  slightest  depression  of  temperature  will  cause  its  moisture  to 
precipitate.  Knowing,  therefore,  the  temperature  of  the  dew  point,  we  are 
enabled  by  tables  calculated  for  the  purpose,  to  determine  the  proportional 
amount  of  moisture  contained  in  the  atmosphere. 

145.  Conditions  of  Ebullition.— Different  liquids  boil 
at  different  temperatures,  but  the  boiling  point  of  the 
same  liquid  is  always  the  same  under  the  same  circum- 
stances. The  boiling  temperature,  therefore,  constitutes 
a  distinctive  characteristic  of  a  liquid,  and  in  practical 


Quavnom.— Describe  DttnieP  •  hygrometer.    How  does  the  boiling  point  of  liquids  rarj  f 
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chemistry  oflen  affords  a  ready  method  of  detecting  a  dif- 
ference in  the  chemical  composition  of  similar  liquids. 

Thus  water,  under  ordinary  circumstances,  begins  to 
boil  when  it  is  heated  up  to  212''  F. ;  alcohol  at  ITS'" ; 
ether  at  96"" ;  syrup  at  221^  ;  linseed  oil  at  640^ 

146.  Salinometer . — ^Water  containiDg  any  dissolved  matter  boOs  at  a 
higher  temperature  than  when  pure — ^the  boiling  point  on  the  thermometrio 
scale  rising  in  proportion  as  the  amount  of  matter  dissolved  in  the  water  in- 
creases. Advantage  is  taken  of  this  principle  in  the  construction  of  an  instru- 
ment known  as  the  **  Salinometer/*  which  is  especially  used  by  salt-boilerB 
for  indicating  the  quantity  of  salt  held  iA  solution  in  the  water  of  the  boilers. 
It  simply  consists  of  a  delicate  thermometer  arranged  in  connection  with  the 
interior  of  the  boiler,  and  by  means  of  a  properly  graduated  scale,  the 
percentage  of  salt  held  in  the  water  is  indicated  by  the  boiling  point  of  the 
water. 

147.  Inflnence  ofAtmosphericPresBnre  ouBoIUb  g--* 
liquids,  in  general,  being  boiled  in  open  vessels,  are  subjected^to  the  pressure 
of  the  atmosphere.  The  tendency  of  this  pressure  is  to  prevent  and  retard 
the  particles  of  water  from  expanding  to  a  sufBcient  extent  io  form  steam. 
Hence,  if  the  pressure  of  the  atmosphere  varies,  as  it  does  at  different  times 
and  places,  or  if  it  be  increased  or  diminished  by  artificial  means^  the  boilmg^ 
point  of  a  liquid  will  undergo  a  corresponding  change. 

The  pressure  of  the  atmosphere  at  the  level  of  the  sea  is  about  fifteen 
pounds  upon  each  square  inch  of  sur&ce.  It  varies  occasionally  at  the  same 
place  sufficiently  to  affect  the  boiling  point  to  the  extent  of  4|  degrees. 

148.  Measnrement  of  Altitudes . — ^As  we  ascend  into  the  at- 
mosphere the  pressure  is  diminished,  becausf  there  is  less  of  it  above  us ; 
it  therefore  foUows,  that  water  at  different  heights  in  the  atmosphere  will  boQ 
at  different  temperatures,  and  it  has  been  found  by  observation,  that  an  ele- 
vation of  650  feet  above  the  level  of  the  sea  causes  a  difference  of  one  de- 
gree in  its  boiling  pointy  Hence  the  boOing  point  of  water  becomes  an  in- 
dication of  the  height  of  any  station  above  the  sea-level,  or  in  other  words, 
an  indication  of  the  atmospheric  pressure ;  -  and  thus  by  means  of  a  kettle  of 
boiling  water  and  a  thermometer,  the  height  of  the  summit  of  any  mountain 
may  be  ascertained  with  a  great  degree  of  accuracy.  If  the  water  boils  at 
211°  by  the  thermometer,  the  height  of  the  place  is  550  feet ;  if  at  210<>,  the 
height  is  1100  feet,  and  so  on,  it  being  only  necessary  to  multiply  650  by  the 
number  of  degrees  on  the  thermometer  between  the  actual  boilmg  point  and 
212°,  to  ascertain  the  elevation.  In  the  city  of  Quito,  in  South  America, 
water  boils  at  194°  Fahr.;  its  height  above  the  sea-level,  is,  therefore,  9,900 
feet 

As  we  descerd  into  mhies,  the  pressure  of  the  atmosphere  is  increased,  there 

QinvnovB. — ^What  inflnenoe  has  the  presanre  of  the  atinosphere  upon  the  boQing 
point  ?    How  may  the  height  of  monntalna  be  determined  by  the  boiUng  point  <tf  vater  7 
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heing  more  of  it  above  us  thaa  at  tha  snr'ace  of  tbe  euth.  Water,  thcrelbr^ 
must  bj  heated  lo  a  higher  temperature  belbre  it  will  boil,  and  it  has  been 
found  that  a  deaceat  of  560  teet^  aa  before,  makea  a  diSerence  of  one  degree. 
BoOiog  water  ia,  consequaotlr,  not  equally  hot  at  all  places  apon  tha  earth, 
and,  therefcrc^  not  ereiy  where  alike  applicable  for  domestic  pnTpoaea.  Thus 
at  Quito  and  at  tha  hospital  of  St  Bernard,  in  Switzerland,  great  difBcUUj 
ii  ezperianced  in  cooking  egga  by  boiling. 

-  In  a  like  manner  if  by  artiQcial  means  we  increaae  or  dimiQish  the  pressurs 
(^  tha  Btmoqihere  on  the  surface  of  a  liquid,  we  cliaoge  iU  boiling  point. 
If  water  be  heated  in  a  vacuum,  ebulliiion  will  commcuce  at  a  pcont  lio" 
lower  than  in  Hie  open  air  IT  a  veasal  of  ether  bo  placed  under  the  receiver 
<^an  air-pump,  and  Uie  atmoepheric  pressure  remored  from  ita  sui&ce,  tha 
rapiv  riies  so  abundantly  that  ebullition  is  prodticed  without  any  increase  of 


ilia.  41. 


149.  Pnl*0-O]ati , — This  principle  is  illuatrnted  by  a  simple  instrument 
•a^  j|  called  the   paise-gliisn.   Fig.  41,   whit^ 

'sts  of  a  glass  tube,  e,  with  bulbs,  a 
\  blown  npoQ  each  extremity ;  tbe 
'  whcle  is  then  filled  with  spirita  of  wine 
I  VBfot,  and  hermetically  sealed. 
The  pressure  of  .the  air  being  thus  remored  from  the  surfiice  oT  the  liquid, 
tlie  heat  of  the  hand  upon  either  buU>  is  sufkiiait  (o  causa  a  violent  ebul- 

UO.  CDliliarjr   Farad  01— The  fhct  that  water  bdls  at  a  reduced 
Icmperataraundei  diminished  pressure,  is  illustrated  by  an  experiment  known 
•s  the  culinary  paradox.     A  ({lass  flask,  containiDg  boiling  water  is  closed 
Flo  43         tightly  with  a  cork,  and  then  inverted,  as  in  Fig.  42.     Tha 
bailing  will  instantly  cease,  owing  to  tha  pressure  of  the 
steam  which  is  formed,  upon  the  surikoo  of  the  liquid.     If 
we  now  pour  cold  water  upon  the  outside  of  the  fiask,  the 
■team  within  is  condensed,  and  a  partial  vacuum  produced, 
wliich  oames  tbe  boiling  to  recommence  with  great  energy. 
On  the  other  hand,  by  pouring  hot  water  upon  the  outside 
of  the  flask,  the  aleatn  and  consequent  pressure  within  is  re- 
newed, and  the  boiling  ceases. 

A  proof  also  that  steam  in  escaping  from  boilingwater  ts 
obliged  to  overcome  the  pressure  of  the  atmosphere^  is  ot>- 
'  tained  by  repeating  the  last  experiment  with  a  tin  canister 

tnstaad  of  a  gloljular  ghisa  flask.  On  corking  up  the  canister  and  pouring 
oold  water  over  it,  the  steam  within  is  suddenly  condensed,  a  vacuum  is  pro- 
duced, and  the  canister  is  instantly  crushed  in  by  tba  pressure  of  the  exter 


QnvnoHi.— Hot  mar  tha  bolBiig  polnl  oTn  Uqnld  baalentsdor  dapreHedbjrarOfieU 
■Msni  t  Wlul  !■  tba  piilia  glm  T  Whil  to  th»  suIIut]'  puadu  ?  What  eiperlmimt 
rroraa  tbit  atam  la  aaeajdnefi  oliUaed  to  avaniHiia  tba  praaaoR  at  tba  atinHphara  t 
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151.  Sngar  Boiling . — Several  beautiful  applications  in  the  arts  have 
been  made  of  the  principle  that  liquids  boil  at  a  lower  temperature  when 
Ireed  from  the  pressure  of  the  atmosphere  than  in  the  open  air. 

In  the  refining  of  sugar,  if  the  syrup  is  boiled  in  the  open  air,  the  tempera- 
ture of  the  boiling  point  is  so  high  that  portions  of  the  sugar  become  decom- 
posed by  the  excess  of  heat,  and  lost  or  injured ;  the  syrup  is  therefore  boiled 
in  dose  vessels  from  which  the  sat  has  been  previously  exhausted,  and  in  this 
way  the  water  of  the  syrup  may  be  evaporated  at  a  temperature  so  low  as  to 
prevent  all  injury  from  heat. 

152.  Influence  of  Adhesion  on  the  Boiling  Point. — 
Adhesion  of  the  fluid  to  the  surface  of  the  vessel  that  contains  it,  has  a  marked 
effjct  in  raising  the  boiling  point.  Water  boils  somewhat  more  readily  in  a 
metallic  vessel  than  in  one  of  glass.  If  the  interior  of  a  vessel  be  varnished 
with  shell-lac,  the  boiling  will  not  often  occur  until  a  temperature  of  221°  F. 
is  reached,  and  then  it  will  take  place  in  bursts,  the  temperature  at  each  evo- 
lution of  vapor  fallmg  to  212®  F.  Boiling  can  be  made  to  take  place  steadily 
at  212°  in  any  variety  of  vessel,  by  the  introduction  of  a  few  irregular  sub- 
stances, as  little  fragments  of  wire,  a  fow  pieces  of  charcoal,  etc.  The  reason 
of  tills  is  that  in  a  mass  of  boiling  liquid,  the  formation  of  vapor  takes  place 
principally  at  the  edges  of  the  solid  substances  with  which  it  may  be  in  con- 
tact ;  and  the  introduction  and  presence  of  irregular  surfaces  thus  fadlitato 
its  formation. 

153.  Influence  of  Air  on  the  Boiling  P o i n t .—Recent 
experiments  have  shown  that  the  presence  of  air  in  solution  singularly  as- 
sists the  evolution  of  vapor.  Air  dissolved  in  water  acquires,  through  the 
agency  of  heat,  a  great  degree  of  elasticity,  and  minute  bubbles  of  it  are  in 
consequence  thrown  off  in  the  interior  of  a  boiling  liquid,  especially  where  it 
is  in  contact  with  a  rough  surface ;  into  these  bubbles  the  steam  escapes  and 
rises.  Water  when  boiled  for  a  long  time  is  nearly  deprived  of  air ;  and  in 
such  cases  the  temperature  has  been  observed  to  rise  even  as  high  as  260° 
or  48**  above  the  boOing  point,  in  an  open  glass  vessel,  which  was  then  shat- 
tered with  a  loud  report  by  a  sudden  explosive  burst  of  vapor.  In  this  case, 
the  force  of  cohesion  retains  the  particles  of  liquid  throughout  the  mass  in 
contact  with  each  other,  in  a  species  of  unstable  equilibrium,*  and  when  this 
equiUbrium  is  overturned  at  any  one  point,  the  repulsive  power  of  the  excess 
of  heat  ^red  up  in  the  mass,  suddenly  exerts  itself  and  the  explosion  is  the 
result  of  the  instantaneous  conversion  of  the  liquid  into  vapor. 

The  same  result  takes  place  when  ice,  free  from  air,  is  melted  out  of  con- 
tact with  the  atmosphere,  as  under  oiL  The  temperature  of  the  liquid  formed 
gradually  rises  to  about  260**  F.,  whcjn,  instead  of  boiling,  it  explodes. 

If  a  single  drop  of  water  containing  air,  be  allowed  to  fall  into  a  mass  of 

QuxsnoKB. — What  practical  application  of  these  principles  has  been  made  in  the  arts  ? 
What  influence  does  adhesion  have  upon  the  boiling  point  ?  How  maj  liquids  be  made 
to  boU  steadily  ?  What  effect  has  air  dissolved  in  water  upon  the  evolution  of  vapor  f 
What  curious  experiments  illustrate  this?  What  takes  place  when  ice  free  from  air  is 
heated  out  of  contact  with  air  ? 
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water  free  from  air,  which  has  been  heated  to  a  temperature  of  250®  or  260°  Fv 
the  whole  volume  instantly  becomes  agitated  in  a  singular  manner,  and  an  ex- 
plosion generally  occurs. 

154.  Spheroidal  State . — ^When  a  drop  of  water  falls  upon  a  snr- 
fiice  highly  heated,  as  of  metal,  it  will  be  observed  to  roll  along  the  surface 
without  adhering,  or  immediately  passing  into  vapor.  The  explanation  of 
this  is,  that  the  drop  of  water  does  not  in  reality  touch  the  heated  surface,  but 
is  buoyed  up  and  supported  on  a  layer  of  vapor  which  intervenes  between 
the  bottom  of  the  drop  and  the  hot  sur&ca  l^iis  vapor  is  produced  by  the 
heat  which  is  radiated  fh>m  the  hot  substance,  before  the  liquid  can  come  in 
contact  with  it,  and  being  constantly  renewed,  continues  to  support  the  drop. 
The  drop  generally  rolls  because  the  current  of  air  which  is  always  passing 
over  a  heated  surface  drives  it  forward.  The  drop  evaq[)orated  slowly,  because 
the  layer  of  vapor  between  the  hot  sur&ce  and  the  liquid  prevents  the  rapid 
transmission  of  heat  The  liquid  resting  upon  a  cushion  of  steam  continually 
evolved  from  its  lower  sur&ce  by  heat,  assumes  a  rounded,  or  globular  shape, 
as  the  result  of  the  gravity  of  its  particles  toward  its  own  center. 

The  designation  which  has  been  given  to  the  condition  which  water  and 
other  liquids  assume  when  brought  in  contact  with  very  hot  surfaces,  is  that 
of  the  *^  spheroidal  state.*' 

If  the  surface  upon  which  the  liquid  rests  is  cooled  down  to  such  an  ex- 
tent that  vapor  is  not  genefbtcd  rapidly,  and  in  sufficient  quantity  to  support 
the  drop,  it  will  come  in  contact  with  the  surface,  and  heat  bemg  communui- 
cated  by  conduction,  will  transform  it  instantly  into  steam. 

This  is  the  explanation  of  the  practice  adopted  by  laundresses  of  touching 
a  flat-iron  with  moisture  to  ascertain  whether  the  surface  is  sufficiently  hot. 
If  the  temperature  of  the  iron  is  not  elevated  sufficiently,  the  moisture  wets 
the  surface,  and  is  evaporated  j  but  at  a'  higher  degree  of  temperature,  tha 
moisture  is  repelled. 

The  phenomenon  of  the  spheroidal  condition  of  water  furnishes  an  explana- 
tion of  the  feats  often  performed  by  jugglers,  of  plunging  the  hands  with  Im- 
punity into  molten  lead,  or  iron.  The  hand  is  moistened,  and  when  passed 
into  the  hquid  metal  the  moisture  is  vaporized,  and  interposes  between  the 
metal  and  the  skin  a  sheath  of  vapor.  In  its  oonvcrs^ion  into  vapor,  the 
'moisture  absorbs  heat,  and  thus  still  further  protects  the  skin. 

The  bulb  of  a  thermometer  plunged  into  liquids  while  in  the  spheroidal 
state,  indicates  temperatures  considerably  below  the  ordinary  boiling  point. 
Thus  water  in  a  spheroidal  state  has  a  temperature  of  205® ;  alcohol,  167°  ; 
other,  93°;  sulphurous  acid,  13°.  When  distilled  water  is  allowed  to  fall 
drop  by  drop  into  sulphurous  acid  in  the  spheroidal  state,  the  water  is  in-'* 
stantly  congealed  into  a  spongy  mass  of  ice,  even  when  the  containing  vessel 
is  red  hot. 


QuESTiOKS.— What  takes  place  irhen  a  drop  of  water  falls  upon  a  highly  heated  surface  f 
What  is  meant  hy  the  spheroidal  state  ?  Why  can  the  hand  he  safely  plunged  into  molten 
Iron  f    What  is  the  temporature  of  liquids  in  the  spheroidal  state  f 
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155.  DiitillaUon,  or  SnblifflBtionjisaproceBsby which 
one  body  is  separated  frum  another  in  close  Teesels,  by 
means  ot'  heat,  in  cases  where  oue  of  the  bodies  asBumes 
the  form  of  vapor  at  a  lower  temperature  than  the  other ; 
this  first  flses  iu  the  lurm  of  vapor,  and  is  received  aad 
condensed  in  a  separate  vessel.  The  operation  is  termed 
Distillation,  when  the  Tap<ir  formed  condenses  into  a 
]  ^iiid,  and  Sublimation  when  it  condenses  into  a  solid. 
The  product  in  the  first  instance  is  called  a  diatUlate,  and 
in  the  second  a  sublimate. 

When  the  product  of  one  distillation  tg  eul^ectcd  to  further  diBtillatkna, 
in  order  to  fhee  it  to  a  stil)  greater  extent  from  len  volatile  subsbmcefl,  the 
operalien  ia  called  rectifiaifian. 

Bj  this  means  Tery  volatilu  bodies  can  be  emlj  sepal^ted  Itaxa  less  to1» 
tilo  ones;    aa  brandy  and 

alcohol  from  the  len  vols-  '™'  *** 

tile  arater  which  may  b« 
miied  wiUi  tiiem.  Water 
rf'  extremo  purity  can  also 
ba  obt^ued  by  distillatioD, 
bccauBO  the  non-Tolatile 
and  earthy  Bubertances  con- 
tained in  all  spring  walera 
do  not  &<oead  with  the  va- 
por, but  remain  behind  in 
the  veaseL 

DiatiUation  upon  a  small  scale  is  effected  by  meaiiH  ot  a  pecnllar-abaped  toa- 
mH,  called  a  retort,  Tig.  43,  wMch  is  halt  filled  with  a  volatile  liquid  and 
heated ;  the  steam,   aa  it  forma,  passes  FiQ.  U. 

through  the  neck  of  the  retort  into  a  glass 

Toceirar  set  into  a  vessel  flUed  with  cold  ^ 

water,  and  is  then  condensed. 

When  the  operation  of  distillation  ia 
conducted  on  an  exteurive  scale,  a  hu^ 
v-ieaal  called  a  "  sUS'  is  used,  and,  for 
condenmng  the  vapor,  vats  are  con- 
structed, holding  serpentine  ppes,  called 
''  worms,"  which  present  a  greater  con- 
densing BDrfice  than  if  they  had  passed 

directly  through  the  vat     To  keep  the  ' 

c<h1  of  pipe  oool,  the  vats  are  kqit  flDed 
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with  cold  water.  In  fig.  44,  a  is  a  fumaoe,  in  which  is  fixed  a  copper  yes- 
sell  or  still,  to  contain  the  liquid.  Heat  being  apphed,  the  steam  rises  in  the 
head,  &,  and  passes  tlirough  the  worm,  (2,  which  is  placed  in  a  vessel  of  water, 
the  refrigerator.  The  vapor  thus  generated  is  condensed  in  its  passage,  and 
(Kisses  out  as  a  hquid  by  the  external  pipe  into  a  receiver. 

156.  Drying  and  Distillation  ■ — ^The  difference  between  drying 
by  heat  and  distillation  is,  that  in  one  case,  the  substance  vaporized,  being  of 
bo  use,  is  allowed  to  escape  or  become  dissipated  in  the  atmosphene ;  while 
in  the  other,  being  the  valuable  part,  it  is  caught  and  condensed  into  tbo 
liquid  form.  The  vapor  arising  from  damp  linen,  if  caught  and  condensed 
would  be  distilled  water ;  the  vapor  ^ven  out  by  bread  whUo  baking,  would, 
if  collected,  be  a  spirit  like  that  obtained  in  the  distillation  of  grain. 

157.  latent  Heat. — When  a  solid  is  converted  into  a 
liquid,  or  a  liquid  into  a  vapor  or  gas,  heat  in  large  quan- 
tity disappears,  and  ceases  for  the  time  to  affect  the  ther- 
mometer. It  is  not,  however,  absolutely  lost,  but  remains 
incorporated  with  the  substance  of  the  liquid,  or  the  gas, 
in  an  insensible  condition.  Heat  thus  disappearing,  is 
termed  Latent,  or  Insensible  Heat. 

For  example,  if  a  thermometer  be  applied  to  a  mass  of  snow,  or  ice  just 
upon  the  point  of  melting,  it  wiQ  be  found  to  stand  at  32^  F.  If  the  ice  be 
placed  in  a  vessel  over  a  fire,  and  the  temperature  tested  at  the  moment  it 
has  entirely  melted,  the  water  produced  will  have  only  the  temperature  of 
32^,  the  same  as  that  of  the  original  ice.  Heat,  however,  during  the  whole 
process  of  melting,  has  been  passing  rapidly  into  the  vessel  fix>m  the  fire,  and 
if  a  quantity  of  mercury,  or  a  solid  of  the  same  size,  had  been  exposed  to 
the  same  amount  of  heat,  it  would  have  constantly  increased  in  temperature. 
It  is  clear,  therefore,  that  the  conversion  of  ice,  a  solid,  into  water,  a  liquid, 
has  been  attended  with  a  disappearance  of  heat 

Again,  if  a  pound  of  water  at  212®  F.  be  mixed  with  a  pound  of  water 
at  33®  F.,  we  shall  obtain  two  pounds  of  water  at  122°  a  temperature  ex- 
actly intermediate  between  the  temperature  of  the  two,  I^  however,  a 
pound  of  ice  at  32®,  is  mixed  with  a  pound  of  water  at  212®,  we  shall  ob- 
tain two  pounds  of  water,  of  which  the  temperature  is  only  51®.  In  this 
case  the  water  has  lost  161®,  while  the  ice  has  apparently  gained  but  19® ; 
00  that  142®  have  disappeared,  or  become  latent  Thus,  in  order  to  convert 
a  pound  of  ice  at  32®  F.  into  water  at  33®,  as  much  heat  is  required  as  would 
be  sufficient  to  raise  142  pounds  of  water  from  32®  to  33®  F.  Water,  there- 
fore, may  be  regarded  as  ice  in  combination  with  a  certain  quantity  of  heat 


Ql7i»fi0V8.-wWlut  it  the  41ffeFeQce  betveen  drying  by  heafc  and  distlllatfon  ?  What 
remarkable  cirenmBtanoe  eharactert«es  the  phenomena  of  liquefaction  and  vaporization  f 
Ez^tn  what  ia  meant  by  latent  heat  ?  What  experiments  prove  that  liqnofiftction  ocea- 
aiona  a  diaappearanoe  of  heat  ? 
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158.  Hoatrequired  to  Melt  loe.— Some  idea  of  the  quantity 
of  beat  that  is  required  to  convert  ice  into  water,  without  any  apparent  rise* 
in  temperature,  may  be  formed  fix>m  the  &ct  that  the  simple  converEion  of  a 
cube  of  ice,  three  feet  on  the  side,  into  water  at  32^,  would  absorb  the 
whole  amount  of  heat  emitted  during  the  combustion  of  a  bushel  of  coaL 

159.  Disappearance  of  Heat  in  Vaporiz.atlon . — ^In  the 
oonversion  of  a  liquid  into  gas  or  vapor,  heat  disappears  to  a  much  greater 
extent  than  in  the  conversbn  of  a  solid  into  a  liquid. 

The  absorption  of  heat  by  vaporization,  may  be  easily  rendered  perceptible 
to  the  feelings  by  pouring  a  few  drops  of  some  liquid  which  readily  evapo- 
rates, such  as  ether,  alcohol,  etc.,  upon  the  hand.  A  sensation  of  cold  is 
immediately  experienced,  because  the  hand  is  deprived  of  heat,  which  ia 
drawn  away  to  efifect  the  evaporation  of  the  liquid.  On  the  same  principle, 
inflammation  and  feverish  heat  in  the  head  may  be  allayed  by  bathing  the 
temi^efl  with  any  liquid  which  evaporates  easily,  as  Cologne  water,  alcohol, 
vin^ar,  etc.' 

A  vessel  containing  water  placed  over  a  source  of  heat  which  is  tolerably 
uniform  in  temperature,  receives  equal  accessions  of  heat  in  equal  times. 
The  water  at  first  rises  steadily  in  temperature,  and  at  212^  it  boils.  After 
tins,  no  matter  how  much  the  heat  is  increased,  provided  the  steam  be  al- 
lowed to  escape  freely,  it  becomes  no  hotter ;  all  the  heat  which  is  added 
serving  only  to  convert  the  water  at  212°  into  steam  or  vapor. 

This  fact  Is  of  considerable  importance  in  domestic  economy,  and  attention 
to  it  will  save  much  fuel  in  culinary  operations.  Soups,  etc.,  made  to  boil  in 
a  gentle  way  by  the  applicatloil  of  a  moderate  heat,  are  just  as  hot  as  when 
tiiey  are  made  to  boil  over  a  strong  fire  with  the  greatest  violence.  When  a 
liquid  is  once  brought  to  the  boiling  point,  the  fire  may  be  reduced,  as  a 
comparatively  small  quantity  of  heat  will  be  then  sufficient  to  maintain  it 
there.. 

160.  tatentHeat  of  Steam. — ^Ifweinmierse  a  thermometer  in 
boiling  water,  it  stands  at  212° ;  if  we  place  it  in  steam  immediately  above  it^ 
it  indicates  the  same  temperature.  The  question  then  arises,  what  becomes 
of  all  the  heat  which  is  communicated  to  the  water,  since  it  is  neither  indi- 
cated by  the  water  nor  by  the  steam  formed  from  it  ?  The  answer  is,  that. 
it  enters  into  the  water  and  converts  it  into  steam,  without  raising  its  tem- 
perature. The  proof  that  steam  contains  more  heat  than  boiling  water,  is  to 
be  found  in  the  &ct  that  if  wemix  an  ounce  of  water  at  212°  with  five  and 
a  half  ounces  of  water  at  32°,  we  obtain  six  and  a  half  ounces  of  water  at 
a  temperature  of  about  60° ;  but  if  we  mix  an  oimce  of  steam  at  212°  with 

QnxsnoKS. — ^What  is  the  eomparadre  quantity  of  heat  necessary  to  convert  ice  into 
water  ?  To  what  extent  is  heat  rendered  latent  by  vaporization  ?  What  experiments 
prove  that  heat  disappears  in  vaporization  ?  Do  liquids  aoquiie  additional  heat  after  at- 
taining a  boiling  temperature  ?  What  practical  application  can  be  made  of  this  principle 
in  domestic  economy  ?  What  is  the  sensible  heat  of  steam  ?  What  is  its  latent  heat  t 
How  may  steam  at  212°  F.  be  proved  to  contain  more  heat  than  water  at  the  samo  tern* 
peraturef 
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flvQ  and  a  half  ounces  of  water  at  32^,  we  obtalii  six  and  a  half  ounoes  of 
water  at  212®.  The  Bteam,  fix)m  which  the  increased  heat  is  all  derived, 
oontaiDS  as  much  more  heat  than  the  ounce  of  water  at  the  same  tempera- 
ture^ as  would  be  necessary  to  raise  six  and  a  half  ounces  of  water  from  the 
temperature  of  60®  to  212®,  or  six  and  a  half  times  as  much  heat  as  would 
be  requisite  to  raise  one  ounce  of  water  through  about  152®  of  temperature. 
This  quantity  of  heat  will  therefore,  be  found  by  multiplying  152^  by  six 
and  a  hal^  which  will  give  a  product  of  988® — ^the  excess  of  heat  contained 
in  an  ounce  of  steam  at  212®  over  that  contained  in  an  ounce  of  boiling 
water  at  the  same  temperature. 

In  round  numbers,  therefore,  one  thousand  degrees  of  heat  are  absorbed 
in  the  conversion  of  water  into  steam,  and  this  constitutes  the  latent  heat 
of  steam. 

The  absorption  of  heat  in  the  process  by  which  liquids  are  converted  into 
vax)or,  will  explain  why  a  vessel  containing  a  liquid  that  is  constantly  exposed 
to  the  action  of  fire,  can  never  receive  such  a  degree  of  heat  as  would  de- 
stroy it  A  tin  kettle  containing  water  may  be  exposed  to  the  action  of  the 
most  fierce  furnace,  and  remain  uninjured  ;  but  if  it  be  exposed,  without  con- 
taining water,  to  the  most  moderate  fire,  it  will  soon  be  destroyed.  The 
heat  which  the  fire  imparts  to  the  kettle  containing  water  is  immediately  ab- 
soibed  by  the  steam  into  which  the  water  is  converted.  So  long  as  water 
is  contained  in  the  vessel,  this  absorption  of  heat  will  continue ;  but  if  any 
part  of  the  vessel  not  containing  Water  be  exposed  to  the  fire,  the  metal 
will  be  fused,  and  the  vessel  destroyed. 

161.  Effects  Prodaoed  by  the  Abflorption  of  Heat.— 
In  the  conversion  of  solids  into  liquids,  and  of  liquids  into  gases  or  vapors, 
the  heat  which  disappears  is  the  agent  by  which  lique&ction  in  the  one  case, 
and  vaporization  in  the  other,  arb  produced ;  in  other  words,  the  absorption 
of  a  certain  amount  of  heat  is  necessary  for  the  production  of  the  change.  A 
liquid,  therefore,  may  be  regarded  as  a  compound  of  a  solid  and  heat,  and 
a  vapor  as  a  compound  of  heat  and  the  liquid  from  which  it  was  formed. 

162.  Freezing  Mixtures.— The  absorption  of  heat  con- 
sequent on  the  conversion  of  solids  into  liquids,  has  been 
taken  advantage  of  in  the  arts  for  the  production  of  ar- 
tificial cold  ;  and  the  compounds  of  different  substances 
which  are  made  for  this  purpose,  are  called  freezing  mix- 
tures. 

The  most  simple  fireezing  mixture  is  snow  and  salt  Salt  dissolved  in 
water  would  occasion  a  reduction  of  temperature,  but  when  the  chemical  re- 
lations of  two  solids  are  such,  that  both  by  mixing  are  rendered  liquid,  a  stiU 

QunnoNg. — ^Why  does  a  kettle  containing  water  remain  nnii^nred,  when  exposed  to 
the  heat  of  a  fire  ?  What  may  be  considered  ay  the  true  constitution  of  liquids  and  ▼»- 
pors  ?  What  are  freeslng  mixtnres  !  Why  does  a  mixture  of  snow  and  salt  prodom  a 
high  degree  of  cold  f 
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greater  degree  of  cold  is  produced.  Such  a  relation  exists  between  salt  and 
snow,  or  ice,  and  therefore  the  latter  substances  are  used  in  preference  to 
water.  When  the  two  are  mixed,  the  salt  causes  the  snow  to  melt  by  rea- 
son of  its  attraction  for  water,  and  the  water  formed  dissolves  the  salt:  so 
that  both  pass  i'rom  the  sohd  to  the  liquid  condition.  If  the  operation  is  so 
conducted  that  no  heat  is  supplied  from  any  external  source,  it  follows  that 
the  heat  absorbed  in  liquefaction  must  be  obtained  from  the  salt  and  snow 
which  comprise  the  mixture,  and  they  must  therefore  suQcr  a  depression  of 
temperature  proportional  to  the  heat  which  is  rendered  latent 

In  this  way  a  degree  of  cold  equal  to  40®  below  the  freezing  point  of  water 
may  be  obtained.  The  application  of  this  experiment  to  the  freezing  of 
ico-crcams  is  familiar  to  all 

By  mixing  snow  and  sulphuric  acid  together  in  proper  propgrtions,  a  tem- 
perature of  fix)m  T0°  to  90°  below  zero  can  be  obtained  without  difficulty. 

A  rery  convenient  process  for  freezing  water  without  the  use  of  ice  is  to 
drench  finely-powdered  sulphate  of  soda  with  the  undiluted  hydrochloric 
(muriatic)  acid  of  the  sliops.  In  this  way  a  very  low  temperature  may  bo 
readily  obtiuned.  The  vessel  in  which  the  mixture  is  made  becomes  cov- 
ered, with  hoar  frost,  and  water  in  tubes  or  bottles  immersed  in  the  mixture, 
is  speedily  frozen. 

163.  Greatest  Artificial  Cold  — ^Tho  most  intense  artificial  cold 
is,  however,  produced  by  the  rapid  evaporation  of  highly  volatile  liquids,  such 
as  result  from  the  condensation  and  liquefaction  of  certain  gases.  By  means 
of  a  mixture  of  liquid  nitrous  oxyd  and  sulphuret  of  carbon,  placed  under  the 
exhausted  receiver  of  an  air-pmrip,  M.  Natteror  obtained  the  enormously  low 
temperature  of  two  hundred  and  twenty  degrees  below  zero. 

The  cold  produced  by  evaporation  is  due  to  the  absorption  of  heat  by  the 
newly-formed  vapor,  and  the  more  rapidly  evaporation  takes  place,  the  more 
rapidly  is  heat  abstracted  from  the  evaporating  liquid  and  fh)m  surrounding 
substances. 

164.  Freezing  by  Evaporation — Ether  may  be  made  to  evapo- 
rate so  rapidly  as  to  fceez/e  water,  even  in  stmmier.  This  may  be  illustrated 
by  filling  a  small  glass  tube  with  water,  and  surrounding  it  with  cotton,  or 
some  other  porous  substance,  soaked  in  ether.  If  a  current  of  air  be  then 
directed  upon  the  cotton  from  a  common  bellows,  the  ether  will  evaporate 
and  absorb  heat  so  rap- 
idly, as  to  convert  the  FiQ.  45. 

water  into  ice  in  a  few  ^. 

n . . 

J^ 

strument  known  as  the 

QuxBTioirs. — By  what  process  may  water  be  frozen  in  summer  without  the  aid  of  ioe? 
What  is  the  most  intense  artificial  cold  produced  P  What  is  the  lowest  degree  of  tem- 
perature ever  observed  ?  To  what  is  the  cold  produced  by  evaporation  due  f  How  may 
water  be  frozen  by  Uie  evaporation  of  ether  ?    £:q>lain  the  action  of  the  cryophoms. 
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cryophonifl,  or  frosirbfarer,  strikingly  illustrates  the  production  of  cold  by 
evaporation.  It  consists  of  two  glass  bulbs  connected  by  a  tube,  and  contain- 
ing a  portion  of  water,  as  represented  in  Fig.  45.  The  air  is  first  expelled 
from  the  instrument  by  boiling  the  water  indosed,  and  allowing  the  steam 
to  escape  by  a  small  opening  at  the  extremity  of  the  little  projecting  tube,  e. 
While  the  instrument  is  entirely  filled  with  steam,  the  point  c  is  fiised  by 
th3  blow-pipe  flame,  and  the  opening  hermetically  closed.  In  experimenting 
with  this  instrument,  the  water  is  all  poured  into  one  bulb,  and  the  other,  or 
empty  bulb,  is  placed  in  a  basin  containing  a  mixture  of  ice  and  salt  The 
vapor  in  the  cooled  bulb  is  condensed,  but  its  place  is  immediately  supplied 
by  vapor  which  rises  into  the  vacuum  fix)m  the  water  in  the  other  bulb.  A 
rapid  evaporation,  therefore,  takes  place  in  the  water-bulb,  and  condensation 
in  the  empty  bulb,  until  by  reason  of  the  condensation  and  rapid  evaporation, 
the  water  in  the  former  bulb  is  cooled  so  low  as  to  fi:'eeze. 

Practical  Illustrations  — ^A  shower  of  rain  cools  the  air  in 
summer,  because  the  earth  and  the  air  both  part  with  their  heat  to  promote 
evaporation.    In  a  like  manner,  the  sprmkling  of  a  hot  room  with  water  cools 

it. 
The  danger  arising  from  wet  feet  and  clothes  is  owing  to  the  absorption  of 

heat  from  the  body  by  the  evaporation  from  the  surfaces  of  the  wet  materials; 

the  temperature  of  the  body  is  in  this  way  reduced  below  its  natural  standard, 

and  the  proper  circulation  of  the  blood  interrupted. 

The  evaporation  which  takes  place  continually  from  the  surface  of  the 
skin  and  the  cells  of  the  lungs  of  animals,  is  a  powerfully  cooling  agency,  and 
a  protection  against  external  heat  When  the  heat  of  the  body  is  increased 
by  exercise,  or  by  exposure  to  high  temperatures,  perspiration  and  evapora- 
lion  take  place  rapidly.  Heat  is  thereby  absorbed  and  ren4ered  latent  in 
large  quantity,  and  a  healthy  temperature  of  the  system  maintained.  It  is 
on  this  principle  that  persons  are  enabled  to  expose  themselves  fqt  a  time 
to  an  atmosphere  of  veiy  high  temperature  without  serious  inconvenience^ 
as  in  foundries,  boiler-rooms  of  steamers,  ovens  of  manufactories,  etc.  li^ 
however,  tho  au*  be  moist,  or  the  surface  of  the  skin  be  varnished,  so  as  to 
check  or  prevent  perspiration  and  evaporation,  the  heat  can  only  be  sus- 
tained for  a  few  momenta. 

* 

The  air  in  the  spring  of  the  year,  when  the  ice  and  snow  are  thawing, 
is  always  peculiarly  cold  and  chilly.  This  is  due  to  the  constant  absorption 
of  heat  from  the  air  by  the  ice  and  snow  in  their  transition  from  a  solid  to  a 
liquid  state. 

166.  Conversion  of  Latent  into  Sensible  Heat.— When 
vapors  are  condensed  into  liquids,  and  liquids  are  changed 

'  I  ■  ■  —    -■     —    .III.  p  .  .1 

QuEtrnoivB. — Hov  does  a  shower  of  rain  cool  the  air  and  the  earth  in  snmmer  f  How 
does  the  drainage  of  a  coantry  promote  its  warmth  ?  From  what  docs  the  danger  of  wet 
dothes  and  feet  arise  ?  How  does  perspiration  and  eraporation  from  the  surface  of  the 
skin  equalize  the  temperature  of  the  body  ?  ^Why  is  the  air  in  the  spring  of  the  year 
peculiarly  cold  and  chilly?  Under  what  circumstances  is  latent  conyerted  into  sensibie 
heat? 
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into  solids,  the  latent  heat  contained  in  them  is  set  free, 
or  made  sensible. 

If  water  be  taken  into  an  apartment  whose  temperature  is  sereral  degrees 
below  the  freezing  point,  and  allowed  to  oongeal,  it  will  render  the  room  sen- 
sibly wanner.  It  is,  therefore,  in  accordance  with  this  principle  that  tubs  of 
water  are  allowed  to  freeze  in  cellars  in  order  to  prevent  excessive  cold. 

The  large  amount  of  heat  latent  in  water,  which  it  gives  forth  as  it  fre«zefl^ 
furnishes  a  source  of  heat  of  the  greatest  value  in  mitigating  the  severity  of 
winter,  and  in  rendering  the  transitions  of  atmospheric  temperaturei  from  heat 
to  cold  and  from  cold  to  heat^  uniform  and  gradual 

In  the  colder  regions,  every  ton  of  ^ater  converted  into  ice  gives  out  and 
diffuses  in  the  surrounding  region  as  much  heat  as  would  raise  a  ton  of  water 
from  32^  to  17^^ ;  and,  on  the  other  hand,  when  a  rise  of  temperature  takes 
place,  the  thawing  of  the  ice  absorbs  a  like  quantity  of  heat :  thus,  in  the  one 
case,  supplying  heat  to  the  atmosphere  when  the  temperature  &lls ;  and,  in 
the  other  absorbing  heat  from  it  when  the  temperature  rises. 

In  the  winter,  the  weather  generally  moderates  on  the  fiJl  of  snow ;  snow 
is  frozen  water,  and  in  its  formation  heat  is  imparted  to  the  atmoq>here,  and 
its  temperature  increased. 

Steam,  on  account  of  the  latent  heat  it  contains,  is  well  adapted  for  the 
wanning  of  buildings,  or  for  cooking.  In  passmg  through  a  line  of  pipes,  or 
through  meat  and  vegetables,  it  is  condensed,  and  imparts  to  the  adjoining 
surfeces  nearly  1000©  of  the  latent  heat  which  it  contamed  before  condensation. 

Steam  bums  much  more  severely  than  boiling  water,  for  the  reason  that 
the  heat  it  imparts  to  any  surfoce  upon  which  it  is  condensed,  is  much  greater 
than  that  of  boiling  water. 

167.  Elastic  Force  of  Vapor*.— All  vapors  are  elastic, 
like  air. 

The  tendency  of  vapors  to  expand  is  generally  consid- 
ered to  be  unlimited  ;  that  is  to  say,  the  smallest  quantity 
of  vapor  has  a  tendency  to  diffuse  itself  through  every 
part  of  a  vacuum,  be  its  size  what  it  may,  exercising  a 
greater  or  less  degree  of  force  against  any  obstacle  which 
may  restrain  it. 

Beoent  researches  of  M.  Babinet,  a  French  physicist,  seem  to  show,  that  al] 
gases  and  vapors  entirely  lose  their  elasticity  when  reduced  to  a  certain  de- 
gree of  tenuity,  and  that  no  gas  or  vapor,  formed  under  the  ordinary  pressure 
of  the  atmosphere,  can  expand  sufficiently  to  fill  an  empty  space  20,000  times 
greater  than  the  original  volume  of  the  gas  or  vapor. 


QunnoirB. — ^Hov  does  the  freezing  of  ]f  ater  tend  to  elevate  the  temperatare  of  the  rar- 
rounding  atmosphere  f  Why  is  steam  well  adapted  for  the  warming  of  buildings  and 
for  cooking  ?  Why  does  steam  bum  more  severely  than  water  of  the  same  temneraturA* 
What  is  said  of  the  elasticity  of  vapors  !    In  what  manner  d  j  vapors  tend  U>  expand  t 

6* 
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The  force  with  which  a  vapor  expands  is  called  its  elastic 
force,  or  tension. 

The  elasticity  or  pressure  of  vapors  is  best  illustrated  in  the  case  of  steam, 
Which  may  be  considered  as  the  typa  of  ail  vapors. 

168.  Expansive  Force  of  Steam • — ^When  a  quantity  of  pore 
steam  is  confined  in  a  dose  vessel,  its  elastic  force  will  exert  on  every  part 
of  the  interior  of  the  vessel  a  certain  pressure  directed  outward,  having  a 
tendency  to  burst  the  vessel 

When  steam  is  generated  in  an  open  vessel  its  elastic  force  must  be  equal 
to  the  elastic  force  or  pressure  of  the  atmosphere ;  otherwise  the  pressure  of 
the  air  would  prevent  it  from  forming  and  rising.  Steam,  therefore,  produced 
fix)m  boiling  water  at  212^  F.,  is  capable  of  exerting  a  pressure  of  15  pounds 
upon  every  square  mch  of  sur&oe,  or  one  ton  on  every  square  foot,  a  force 
equivalent  to  the  pressure  of  the  atmosphere. 

If.  water  be  boUed  under  a  diminished  pressure,  and  therefore  at  a  lower 
temperature,  the  steam  which  is  produced  from  it  will  have  a  pressure  which 
is  diminished  in  an  equal  degree.  I^  on  the  contrary,  the  pressure  under 
whidi  water  boils  be  increased,  the  boiling  temperature  of  the  water  and  the 
pressure  of  the  steam  formed  will  be  merged  in  a  like  proportion.  We  have^ 
therefore,  the  foUowing  rule  * — 

Steam  raised  from  water,  boiling  under  any  given  pres- 
sure, has  an  elasticity  always  equal  to  the  pressure  under 
which  the  water  boils. 

'  Steam  of  a  high  elastic  force  can  only  be  made  in  close  vessels,  or  boilers. 
The  water  in  a  steam-boiler,  in  the  Sjrsi  instance,  boils  at  212°,  but  the  steam 
thus  generated  being  prevented  from  escaping,  presses  on  the  sur&ce  of  the 
V(rater  equally  as  on  the  sur&oe  of  the  boUer,  and  therefore  the  boiling  point 
of  the  water  becomes  higher  and  higher ;  or  in  other  words,  the  water  has 
to  grow  constantly  hotter,  in  order  that  the  steam  may  form.  The  steam 
thus  formed  has  the  same  sensible  temperature  as  the  water  which  produces 
it 

169.  Alarcet's  Digester . — ^The  above  principles  are  experimentally 
proved  by  means  of  an  apparatus  known  as  Marcet's  Digester.  This  con- 
sists of  a  stout  globular  vessel  of  iron,  Fig.  46,  into  which  a  portion  of  mer- 
cury is  poured,  and  then  water  suffidont  to  half  fill  it  Into  the  top  of  the 
vessd  a  long  glass  tube,  b^  is  tightly  fitted,  open  at  both  ends,  and  dipping 
-into  the  mercury.  This  tube  is  provided  with  a  scale  divided  into  inches. 
The  globular  vessel  has  also  two  other  openings,  into  one  of  which  a  stop- 

Qnsmovs.— What  Is  the  force  with  whifih  a  vapor  expands  termed  !  In  what  manner 
will  steam  confined  in  a  dose  vessel  exert  a  pressure  ?  What  is  the  pressure  of  steam 
generated  in  the  open  air?  What  rule  govems  the  elasticity  of  steam ?  What  arrange- 
ments are  essential  to  the  production  of  steam  ef  great  elastic  force  ?  What  relations  ex- 
ist between  the  temperature  of  steam  formed  under  pressure  and  the  water  which  pro- 
duces it?  What  Is  Marcet's  digester  ?  What  prindples  may  be  experimentally  proved 
by  this  apparatus  ? 
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cock,  d,  is  screwed,  and  into  the  other  a  thennom- 
eter,  c,  having  its  bulb  within  the  globe.  Heat  is 
applied  to  the  vessel,  and  the  water  made  to  boil  So 
long  as  free  communication  .with  the  atmosphere  is 
permitted  through  the  open  stop-cock  d,  the  tempera- 
ture of  ebulhtion,  as  mdicated  hy  the  thermometer,  c, 
continues  steady  at  212°  and  the  steam  formed  exerts 
a  pressure  of  course  equal  to  one  atmosphere,  or  1 6  lbs. 
to  the  square  inch.  On  shutting  the  stop-cock,  and 
contanuing  the  heat)  the  temperature  of  the  interior 
rises  above  212<».  The  steam  in  the  upper  part  of  the 
vessel  becomes  denser,  and  as  fresh  portions  continue 
to  rise  from  the  water,  the  pressure  on  the  surfece  of 
the  water  increases,  and  this  in  turn  pressing  upon  the 
mercury,  forces  it  to  ascend  in  the  tube.  Now  the 
height  of  the  mercurial  column  expresses  the  elastic 
force  or  pressure  of  the  steam  produced*  m  the  boiler 
at  any  particular  temperature  above  212°.  Thus  the 
weight  of  that  section  of  the  atmosphere  which  presses 
upon  the  mercury  m  the  open  end  of  the  tube  is 
equivalent  to  the  weight  of  a  column  of  mercury  of 
30  inches ;  and  this  pressure  must  be  overcome  by  the 
steam  at  212**  before  it  can  commence  to  act  upon  the 
^ercurial  guage  at  all.  For  every  thui;y  inches  after  this  that  the  mercury 
is  forced  up  into  the  tube  by  the  steam,  it  is  said  to  have  the  pressure,  or 
elastic  force  of  another  atmosphere.  Thus,  when  the  mercury  in  the  tube 
stands  at  30  inches,  the  steam  is  said  to  be  of  two  atmospheres ;  at  45  inches, 
of  two  and  a  half;  at  60  inches,  of  three  atmospheres,  and  so  on.  The  boil- 
ing point  of  the  water,  also,  as  shown  by  the  thermometer,  increases  with  the 
pressure  of  the  steam  upon  its  surface.  When  the  mercury  stands  at  30 
inches,  or  when  the  pressure  on  the  water  is  equal  to  that  of  an  additional 
atmosphere,  the  thermometer  marks  a  temperature  of  249° ;  at  60  mches, 
2T30;  at  90  inches,  or  witli  a  pressure  of  four  atmospheres,  291°,  and  so  on, 
1*70.  Tables  of  the  Temperature  and  Pressure  'of 
Steami — As  the  relation  between  the  temperature  and  the  pressure  of 
steam,  and  the  varying  temperature  at  which  water  boils  or  gives  off  steam 
under  pressure,  are  matters  of  great  importance  in  connection  with  the  steam- 
enghie,  the  French  government  many  years  ago  appointed  a  commission  of 
eminent  scientific  men  to  investigate  the  whole  subject  Tlie  result  of  their 
^hors  has  been  embodied  in  a  series  of  tables,  which  show  at  once  the  pres- 
sure of  steam  formed  in  contact  with  water  at  any  given  temperature,  or  con- 
versely, the  temperature  at  any  given  pressure.  It  was  thus  found  that  the 
temperature  of  steam  capable  of  exerting  a  pressure  of  twenty  five  atmos- 


^)[Qi8Tioir. — ^Under  what  eircnmstanoes  were  the  relations  between  the  temperature  and 
pi'nsiire  of  ateam  investigated  ? 
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pheres,  or  375  pounds  upon  each  square  inch  of  boiler  sur&oe,  was  439^. 
The  temperature  of  the  water  producing  steam  iji  this  pressure,  must  have 
been  consequently  the  same. 

171.  Veierminatiun  of  Steam -pressure  in  Boilers. — 
The  application  of  these  principles  affords  a  ready  method  of  determining  the 
pressure  at  any  moment  which  steam  exerts  upon  the  interior  of  a  boUer,  or 
upon  the  piston  of  a  steam-engine.  Thus»  if  a  thermometer  inserted  into  a 
steam-boiler  indicates  a  temperature  of  212^  F.,  we  know  that  the  steam  ex- 
erts a  pressure  of  one  atmosphere,  or  15  pounds  upon  a  square  inch;  if  the 
thermometer  stands  at  249®,  the  pressure  is  30  pounds  *  at  273°  45  pounds; 
and  so  on. 

172.  Barometer  Ouage  •— The  degree  of  pressure  which  steam  ex- 
erts upon  the  interior  of  the  boQer  is,  however,  more  generally  determined  by 
the  height  to  which  a  column  of  mercury  is  elevated  and  sustained  by  such 
pressure.    The  instrument  employed  for  this  purpose  is  termed  a  "  steam"  or 

B^Q.  47,  "  barometer  guage."    It  consists  simply 

of  a  bent  tube.  A,  C,  D,  E,  Fig.  47,  fitted 
into  the  boiler  at  one  end,  and  open  to 
the  air  at  the  other.  The  lower  part  of 
the  bend  of  the  tube  contains  mercury, 
which,  when  the  pressure  of  steam  in 
the  boiler  is  equal  to  that  of  the  external 
atmosphere,  will  stand  at  the  same  level, 
H,  R,  hi  both  legs  of  the  tube.  When 
the  pressure  of  the  steam  is  greater  than 
that  of  the  atmosphere,  the  mercury  is 
depressed  in  the  leg  G  D,  and  elevated  in 
the  leg  D  £.  A  scale,  G,  is  attached  to 
the  long  arm  of  the  tube,  and  by  observ- 
ing the  difference  of  the  levels  of  the  mer- 
cuiy  in  the  two  tubes,  the  pressure  of  the  steam  may  be  calculated.  Thus, 
when  the  mercury  is  at  the  same  level  in  both  legs,  the  pressure  of  the 
steam  balances  the  pressure  of  the  atmosphere,  and  is  therefore  15  pounds 
per  square  inch.  If  the  mercury  stands  30  inches  higher  in  the  long  arm 
^f  the  tube^  then  the  pressure  of  the  steam  is  equal  to  that  of  two  atmos- 
pheres, or  is  30  pounds  to  the  square  inch,  and  so  on. 

173.  Varying  Conditioos  of  Steam-pressurct — It  is  to  be 
understood  that  the  relations  between  the  pressure  of  steam  and  its  tempera- 
ture which  have  been  pomted  out,  exist  only  when  the  steam  is  in  contact 
with  a  body  of  water  from  which  fresh  steam  is  constantly  rising,  as  in  an 
ordinary  steam-boiler.  Under  such  circumstances,  the  elasticity,  or  expansive 
force  of  the  steam,  increases  rapidly  with  its  increase  in  temperature,  but  in 

Jl.^1    ■■  ■■■  ■■■^■1  ■■!■■  ■  .Om  ■■[■■IM  I— ^^I      ■■■■■■  ■  >         ■—■  »■■■■  ■  I  ■  M-—I  ■I1|.^ 

QuasTioNS. — Hov  may  the  prennare  of  steam  npon  the  interior  of  a  boiler  be  deter- 
mined by  means  of  the  thermometer?  What  is  a  baromeier  guage?  Under  what  dr- 
cumstances  do  the  relations  which  have  been  pointed  out  between  the  pressure  of  steam 
and  its  temperature  exist  ?    In  what  manner  does  steam  heated  apart  from  water  expand  f 
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a  greater  degree  by  equal  additions  of  heat  at  high,  than  at  low  temperatures 
I^  however,  the  steam  is  heat^  apart  from  water,  it  follows  the  law  that 
regulates  the  expansion  of  all  gaseous  bodies,  viz.,  that  equal  increments  of 
heat  expand  it  equally  at  all  temperatures— this  expansion  being  equal  to 
l-490th  of  its  volume  at  32<'  F.  for  every  additional  degree  of  heat  imparted  to 
it* 

174.  High-pressure  8  team  .--Steam  generated  by  water 
boiling  at  a  very  high  temperature^  is  known  as  high- 
pressure  steam.  By  this  we  mean  steam  condensed,  not 
by  the  withdrawal  of  heat,  but  by  pressure,  just  as  high* 
pressure  air  is  merely  condensed  air.     To  obtain  double, 

*  Some  TBTj  eartouB  experimeats  wbieh  have  been  made  from  time  to  time,  teem  to 
dunr  iha*  steam  and  other  Tapers,  vhen  subjected  to  extraordinary  pressure,  do  not  oon- 
tbme  to  expand  with  additions  of  heat,  but  actually  contract  The  first  information  which 
was  obtained  In  relation  to  this  snlject  was  from  a  very  dangerous  experiment  tried  many 
years  idnoe  in  England.  A  measured  quantity  of  water  was  placed  In  a  boiler,  with  all 
the  nifety-valTeB  most  carefully  dosed,  and  CTery  ehanoe  for  the  escape  of  steam  pre- 
▼ented.  The  fire  was  now  got  up,  and  for  some  time  the  st^am-guage,  as  usual,  indicated 
a  regularly  increasing  pressure.  At  length,  however,  to  the  surprise  of  all,  the  pressure 
was  seen  slowly  but  gradually  to  diminish,  and  although  the  boiler-plates  became  -nearly 
rod-hot,  this  remarkable  phenomenon  oontinued,  and  when  the  boiler  had  cooled,  It  wal 
fotuid  that  no  water  had  escaped. 

The  experiment  was  afterward  repeated  by  De  la  Tour,  a  French  chemist,  in  a  different 
manner  with  similar  results.  He  partially  filled  some  very  strong  ^ass  tubes  with  water, 
alcohol,  ether,  and  some  other  liquids,  furnished  them  with  guages,  and  hermetically 
lealed  them.  The  tubes  were  then  gradually  exposed  to  heat,  until  the  oontained  liquids 
▼aporized,  and  as  true  steam  became  transparent,  or  inrisible.  Under  these  drcum- 
stanoes,  the  law  "  that  the  elastidty  or  expansiye  force  of  rapors  augments  with  erery  ad- 
ditional Increase  of  temperature,**  was  not  found  to  hold  good,  and  the  following  results 
were  obtained : 

All  the  liquids,  by  reason  of  the  enormous  pressure  which  the  vapor  gradually  formed 
from  them  exerted  upon  their  surfaces,  required  to  be  elevated  to  a  high  degree  of  tem- 
perature before  complete  vaporiaation  took  idaoe.  Ether,  which  passes  into  vapor  in  the 
open  air  at  a  temperature  of  96'  F.,  only  became  vapor  at  328=',  in  a  space  equal  to 
double  its  original  bulk  I  At  this  temperature  its  vapor  should,  according  to  the  recog- 
nized law  of  expansion,  have  exerted  a  pressure  of  209  atmospheres,  or  more  than  8,000 
pounds  per  square  inch  *  it,  however,  exerted  a  pressure  of  only  37  atmospheres,  or  666 
pounds  per  square  inch.  Alcohol,  which  occupied  2-8ths  the  capacity  of  its  tube,  gradu- 
ady  expanded  to  double  its  volume,  and  then  suddenly  disappeared  in  vapor,  at  a  tem- 
perature of  404^  F. ;  its  calculated  pressure  was  3,600  pounds  per  square  inch :  its  real 
pressure  was  only  1,700  pounds.  Water  was  found  to  become  vapor  in  a  space  equal  to 
about  four  times  its  original  bulk,  at  a  temperature  of  about  773^.  At  this  temperature 
its  solvent  power  was  so  greatly  increased,  that  it  acted  most  powerfully  upon  the  glass 
and  broke  it,  and  it  was  found  necessary  to  add  carbonate  of  soda  to  the  water  to  diminish 
its  action.  As  the  vapors  in  the  tubes  cooled,  a  point  was  observed  at  which  a  sort  of 
doud  filled  the  tube,  and  in  a  few  moments  after,  the  liquid  suddenly  re-appeared. 

In  explanation  of  the  diminished  pressure  which  vapors  of  high  temperature  exert  un- 
der the  above-mentioned  conditions,  it  has  been  suggested  that  thdr  partldes,  by  reason 
of  their  forced  and  dose  contiguity,  are  partially  controlled  by  a  force  of  oohedon,  which 
in  part  neutralizes  the  expandve  force  imparted  by  the  heat 

QuxsnoN.— What  is  high-pressure  steam  ! 
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triple,  or  greater  pressure  of  steam,  we  must  have  twice, 
thrice,  or  more  steam  mider  the  same  volume. 

175.  Saper-heated  Steam.—Steam  which  has  been  heated 
ia  a  separate  state  to  a  high  degree  of  temperature  is 
known  as  super-heated  steam.  In  this  condition  it  is  em- 
ployed for  the  produqtion  of  effects  not  attainable  by  the 
use  of  ordinary  steam  ;  such  as  the  distillation  of  oils, 
the  carbonization  of  wood,  etc. 

In  some  of  the  processes  recently  introduced  for  the  distfllations  of  oOs  hy 
the  use  of  super-heated  steam,  the  temperature  of  the  steam  is  elevated  to  a 
sujficient  degree  to  melt  lead.  To  effect  the  carbonization  of  wood,  steam  is 
elevated  to  a  high  degree  of  temperature  lyy  passage  through  red-hot  pipes. 
It  is  then  allowed  to  enter  a  vessel  containing  wood  which  is  intended  ^to  be 
converted  into  charcoal  The  heated  steam  penetniting  intp  the  pores  of 
the  wood,  drives  off  the  volatile  portions,  the  water,  tar,  eta,  and  leaves  the 
pure  carbon  behind. 

In  the  manufacture  of  lard  on  an  extensive  scale,  the  carcase  of  the  whole 
hog  ia  exposed  to  the  action  of  steam  at  a  very  high  pressure  and  tempera- 
ture. This  actmg  upon  the  mass  of  flesh,  breaks  up  and  reduces  the  whole 
to  a  fat  fluid  mass,  leaving  the  bones  in  the  state  of  powder.  Steam  of  or^ 
dinary  pressure  and  temperature,  under  the  same  drcumstances,  would  not 
produce  this  effect. 

176.  Tapor  produced  by  different  Liquids.— Equal  bulks 
of  different  liquids  raised  to  their  respective  boiling  points, 
produce  very  different  quantities  of  vapor. 

Water  flimishes,  bulk  for  bulk,  a  much  larger  amount  of  vapor  than  any 
other  liquid;  a  cubic  inch  of  water  at  its  ordinary  boQing  point,  212°,  ex- 
panding to  nearly  a  cubic  foot  of  steam  at  212°,  or  to  about  1700  times  its 
volume ;  a  cubic  inch  of  alcohol,  on  the  other  hand,  at  its  ordinary-  boiling 
temperature,  expands  only  528  times  its  volume ;  ether  to  298 ;  and  oil  of 
turpentine  to  193. 

177.  Ratio  betwien  Sensible  and  Latent  Heat.— The 
sum  of  the  sensible  heat  of  steam,  and  the.  quantity  of 
latent  heat  contained  in  it,  are  always  the  same,  since  the 
latent  heat  of  ^team  diminishes  exactly  in  proportion  as 
its  sensible  heat  rises. 

Water  may  be  easily  made  to  boil  in  a  vacuum  at  the  temperatiffe  of  100^, 

QuxsTiOKs. — ^What  is  super-heated  steam  ?  For  what  purposes  Is  it  applied  ?  Hov  can 
▼ood  be  carbonised  hj  the  use  of  steam  ?  How  is  high-pressure  steam  employed  in  the 
manufacture  of  lard?  Is  the  quantity  of  vapor  produced  firom  equal  bulks  of  liquid  the 
same  f  What  are  illustrations  of  this  !  What  ratio  exists  between  the  sensible  and  lat- 
ent heat  of  steam  ?  Is  there  any  economy  in  evaporating  water  at  a  low  temperature  and 
under  diminished  pressure  ? 
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but  the  Eteam  generated  is  much  less  dense  than  that  ptXKluccd  at  212<' 
and  has  a  greater  latent  heat  *If  water  boils  at  312°,  the  .amount  of  heat 
absorbed  (rendered  latent)  in  vaporization,  will  be  less  by  100®  than  if  it  had 
bdled  at  212® ;  and,  on  the  contrary,  if  water  be  boiled  under  a  diminished 
pressure,  at  112®,  the  heat  absorbed  in  vaporization  will  be  100®  more  than 
if  it  had  boiled  at  212®.  Hence  there  can  be  no  economy  of  heat  iu  distilling 
in  vacuo. 

The  sum  of  the  sensible  and  latent  heat  of  steam  being  always  the  same, 
11840,  wo  may  very  readily  ascertain  the  latent  heat  of  steam  at  any  tempe- 
rature, by  subtracting  its  sensible  heat  from  this  constant  number.  Por  ox- 
ample,  steam  at  280®  has  a  latent  heat  of  904o  (1184— 280<— 904);  so  also 
steam  at  100®  has  1084®  of  latent  heat 

The  theory  of  latent  heat,  and  the  principles  which  govern  the  formation, 
expansion,  and  condensation  of  vapors,  are  practically  applied  in  the  working 
of  the  steam-engine,  and  in  many  industrial  operations.  A  further  considera- 
tion of  them  is,  however,  foireign  to  the  object  of  this  work. 

178.  liquefaction  of  Gases. — Gases  were  formerly  con- 
sidered to  be  essentially  different  in  their  nature  from  va- 
pors, but  comparatively  recent  experiments  have  shown 
that  their  constitution  is  similar,  and  is  owing  to  the  latent 
lieat  they  contain. 

Faraday  demonstrated  the  possibility,  by  the  joint  action  of  cold  and  groat 
pressure,  of  reducing  several  of  the  so  called  permanent  gasss  to  the  hquid 
and  even  to  the  solid  stateir 

The  method  employed  by  him  was  Fia.  48. 

to  generate  the  gas  from  materials 
4>laoed  in  one  end  of  a  strong  glass 
tube,  bent  in  the  middle,  and  her- 
metically sealed,  as  represented  in 
Fig.  48.  The  gas,  accumulating  in  a 
confined  space,  exerts  an  enormous  pressure  in  virtue  of  its  expansive  force ; 
the  efifect  of  which  is,  that  a  portion  of  the  gaa  itself  .condenses  into  a  Uquid 
in  the  end  of  the  tube  most  remote  ttom  the  materials,  which  is  kept  cool  by 
immersion  in  a  freezing  mixture  This  experiment  is  a  somewhat  hazardous 
one,  from  the  liability  of  the  tube  to  burst  under  the  pressure  exerted,  and  the 
hands  and  face  of  the  operator  should  always  be  protected  by  gloves  and  a 
mask  of  wire  gauze.  In  this  way  chlorine,  cyanogen,  carbonic  acid,  and  sey^ 
Bral  other  g^es,  may  be  liquefied. 

By  means  of  an  apparatus  of  different  c(Histruction,  but  involving  the  same 
principle,  carbonic  acid  gas  can  be  liquefied  and  solidified  in  large  quantities. 
The  details  of  this  process  will  be  described  imder  the  chemical  consideration 
of  this  substance. 

QUKBTIOKB. — ^How  may  the  latent  heat  of  steam  be  calcalated?  To  what  do  gases 
and  vaporB  andoabtedly  owe  their  eonstitntioii  ?  Who  first  liqaefied  gases  f  By  what 
meiais  was  this  accomplished  t    What  gases  were  thas  liqaefied  ? 
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Some  of  the  gasee  are  liquefiable  with  much  greater  iacilitj  than  otherS)  and 
a  few  aasmne  a  liquid  or  solid  form  by  the  mere  application  of  cold,  as  sul- 
phurous add  gas.  Others  have  resisted  all  attempts  to  reduce  them  to  a 
liquid  state  by  subjection  to  immense  pressure  aided  by  the  greatest  artificial 
cold.  Among  these  are  oxygen,  hydrogen,  nitrogen,  carbonic  oxyd,  ooal  gaa^ 
etc.  Oxygen  remained  gaseous  under  a  pressure  of  over  900  pounds  to  the 
square  inch,  and  at  a  temperature  of  140<'  below  zero. 

179.  AbHorption  of  Ifa^eH  by  Water . — ^All  gases  are  absorbed 
or  condensed  by  water  in  a  greater  or  less  degree,  in  which  case  they  must 
certainly  assume  the  liquid  form.  The  quantity  absorbed  is  very  different  for 
different  gases ;  and  in  the  same  gas  the  quantity  absorbed  depends  upon  the 
pressure  to  which  the  gas  is  subjected,  and  the  temperature  of  the  water. 
The  colder  the  water,  the  greater  the  quantity  of  the  gas  taken  up  and  re- 
tained by  it 


CHAPTER    IIL 

LIGHT. 


180.  Light  and  its  Chemical  Relations.— The  general 
consideration  of  the  laws  of  light  belongs  to  the  science  of 
Optics,  a  department  of  Natural  Philosophy.  Light,  how- 
ever, is  an  important  agent  in  producing  chemical  changes, 
especially  in  the  organized  forms  of  matter ;  while  the 
physical  characters  of  an  object,  revealed  by  the  mere  me- 
chanical action  of  light  on  its  structure,  are  often  of  the 
greatest  chemical  value. 

A  brief  reference  to  some  of  the  more  important  laws  and  physical  prop- 
erties of  light,  constitutes  a  proper  introduction  and  preparation  for  the  study 
of  its  chemical  effects. 

SECTION    I. 

KATUBB    AND    80UB0ES    OF    LIGHT. 

181.  Natnre  of  light.— Of  the  real  nature  of  light  we 
know  nothing.  Two  theories  or  hypothesis,  however,  have 
been  proposed  to  account  for  its  phenomena,  which  are 

QinE8Tioir8.--Arean  gases  reduced  with  equal  facility?  What  gases  have  resisted  all 
attempts  to  liquefy  them  ?  What  is  said  of  the  absorptioa  of  gases  by  water  ?  What 
oomiectioii  Is  there  between  light  and  chemistry  f  What  do  ire  know  respecting  the  real 
nature  of  light? 
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known  as  the  Corpuscular,  or  Emission  theory,  and  the 
Undulatory  theory. 

182.  The  Corpuscular  Theory  supposes  the  sensation  of 
light  to  be  occasioned  by  the  transmission  of  particles  of 
a  refined  species  of  matter  from  the  luminous  body  to  the 
eye.  . 

.  According  to  this  theory^,  there  is  a  striking  analogy  or  resemblance  be- 
tTeen  the  e/e  and  the  organs  of  smelling.  Thus,  wo  recognize  the  odor  of 
aa  object  in  consequence  of  the  material  particles  which  pass  from  the  object 
U>  the  organs  of  smelling,  and  tbere  produce  a  sensation.  In  the  same 
manner,  a  visible  object  at  any  distance  may  be  supposed  to  send  forth  parti-  . 
cles  of  light,  which  move  to  the  eye  and  produce  vision,  by  acting  mechan- 
ically on  its  nervous  structure,  as  the  odoriferous  particles  of  a  rose  produce  a 
sensible  effect  upon  the  organs  of  smelL 

183.  The  Undulatory  Theory  supposes  that  all  space, 
and  the  interstices  of  all  material  objects,  are  pervaded  by 
an  elastic  medium,  or  ether,  of  inconceivable  tenuity. 
This  medium  is  not  light  itself,  but  is  susceptible  of  being 
thrown  into  vibrations  or  undulations  by  impulses  inces- 
santly emanating  from  all  luminous  bodies.  These,  reach- 
ing the  eye,  affect  the  optic  nerve,  and  produce  the  sen- 
sation which  we  call  light. 

According  to  this  theory,  there  is  a  striking  analogy  between  the  eye  and 
the  ear ;  the  vibrations,  or  undulations  of  the  ethereal  medium  being  supposed 
to  pass  along  the  space  intervening  between  the  visible  object  and  the  eye^  in 
the  same  manner  as  the  undulations  of  the  air,  produced  by  a  sounding  body, 
are  transmitted  to  'the  ear. 

The  corpuscular  theory  was  sustained  by  Newton,  and  was  for  a  long  time 
generally  believed.  Since  the  commencement  of  the  present  century,  how- 
ever, it  has  been  gradually  losing  ground,  and  recent  experiments  instituted 
Dy  MM.  Foucault  and  Fizeau,  of  France,  conclusively  demonstrate  its  incor- 
rectness. It  is  now,  therefore,  entirely,  discarded  by  all  the  leading  scientific 
authorities,  and  the  undulatory  theory  is  received  as  substantially  correct — 
smoe  it  affords  the  most  complete  explanation  of  the  &cts  upon  which  the 
science  of  optics  is  based.  The  language,  however,  which  is  generally  em- 
ployed in  describing  optical  phenomena  is  for  the  most  part  fhuned  in  ao> 
(KRdanoe  with  the  corpuscular  theory. 

184.  Soorees  of  light. — The  great  natural  sources  of 

Qmsnona. — Explain  the  corpuscular  theory  of  light  What  analogy  does  this  theory 
present?  Explain  the  undulatory  theory.  What  analogy,  according  to  this  theory,  exists 
between  the  eye  and  the  ear  ?  Which  theory  is  generally  received  \  What  are  the  souroea 
of  light  r 
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light  are  the  sun  and  the  heavenly  bodies.    All  bodies 
when  heated  to  a  sufficient  degree  become  luminous. 

AU  solid  bodies  begin  to  emit  light  in  the  daytime  at  the  same  temperaturOy 
viz.,  9*7 70  of  Fahrenheit's  thermometer.  As  the  temperature  rises,  the  bril- 
liancy of  the  light  rapidly  increases,  so  that  at  a  temperature  of  2600^  it  is 
almost  forty  times  as  intense  as  at  1900®.  Gases  must  be  heated'to  a  much 
greater  extont  before  they  begin  to  emit  light 

185.  Eleetrie  Light.— The  most  splendid  artificial  light 
known  is  developed  through  the  agen9y  of  electricity. 

The  electric  light,  so-called,  is  produced  by  fixing  pieces  of  pointed  char- 
coal to  the  wires  connected  with  opposite  poles  of  a  powerful  galvanic  bat- 
tery, and  bringing  them  within  a  short  distance  of  each  other.  The  space 
between  the  points  is  occupied  by  an  arch  of  flame  that  nearly  equals  in  daz- 
zling brightness  tho  rays  of  the  sun. 

186.  Phosphorescence « — ^The  term  phosphorescence  is  applied  to 
that  property  which  various  bodies  possess  of  emitting  a  feeble  light  at  ordi- 
nary, or  low  temperatures. 

Phosphorescence  was  formerly  supposed  to  bo  due  to  tho  presence  of  phos- 
phorus (an  elementary  substance  which  emits  light  in  the  dark).  Hence  the 
origin  of  the  name.  Tho  phenomenon  is  now  known  to  proceed  from  other 
agencies. 

A  great  number  of  bodies  possess  the  property  of  shining  in  the  dark  when 
they  have  been  previously  exposed  to  the  light  of  the  sun.  Oyster  shells 
which  have  been  ignited  and  cooled,  especially  exhibit  phosphorescence. 
Among  other  substances  which  are  often  luminous  in  tho  dark,  are  white 
paper  (especially  when  it  has  been  heated  nearly  to  burning),  egg-shells, 
corals,  bones,  ivory,  leather,  and  the  skins  of  men  and  animals.  Tho  causo 
of  this  phenomenon  is,  probably,  that  the  bodies  by  being  exposed  to  lights 
absorb  a  portion  of  it  unaltered  into  their  substance  by  adhesion,  and  subse- 
quently give  it  out  in  a  dark  place. — Omelin. 

The  phenomenon  of  phosphorescence  occurs  in  the  most  marked  degree 
in  living  organized  bodies.  The  glow-worms,  and  several  species  of  flies  and 
beetles,  have  the  power  of  emitting  from  their  bodies  a  beautiful  pale,  bluish 
white  light  The  great  lantern-fly  of  South  America  is  especially  brilliant — 
a  single  insect  afibrding  sufficient  light  to  enable  a  person  to  read.  Tho 
iappearance  of  vast  luminoiis  tracts  in  the  sea,  at  night,  is  a  well-known  phe- 
nomenon. This  was  formerly  ascribed  to  tho  motion  of  the  waves,  to  elec- 
tricity, or  to  the  formation  of  gases  containing  phosphorus,  througli  the  pu- 
trefaction of  marine  animals ;  but  it  is  now  generally  believed  to  be  due  to 
tho  presence  of  an  immense  number  of  phosphorescent  animalcuke. 

QuniTioirB. — At  what  temperatare  do  solida  become  laminoasP  How  is  the  most  ^len- 
did  artificial  light  prodnoed  t  What  ia  phosphoreaoencq  t  Under  what  circumstances  do 
bodies  often  become  laminous  ?  How  is  the  phenomenon  accounted  for  ?  What  substances 
exhibit  phosphorescence  in  the  most  marked  d^ree  ?  What  are  remarkable  instances 
of  phosphoresoenoe  in  the  animal  kingdom  f  To  what  ia  tho  laminous  appearance  of  the 
sea  due  f 
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Sea-fish,  in  general,  soon  after  death  exhibit  a  luminous  appearance,  par* 
ticulariy  the  ht-rriug  and  the  mackerel  The  light  is  most  intense  before 
putre&ction  commences,  and  gradually  disappears  as  decomposition  proceeds. 
In  order  to  observe  the  phenomenon  more  distinctly,  the  fish  should  bo  gut- 
ted, and  the  rocs  and  scales  removed.  By  placing  such  luminous  fish  also 
in  weak  saline  solutions,  such  as  those  of  Epsom  salts  or  common  salt,  the 
solutions  even  become  luminous,  and  the  appearance  continues  for  some  days; 
it  is  particularly  noticeable  when  the  liquids  are  agitated.  The  light  is  quickly 
extinguished  by  the  addition  of  pure  water,  of  Ume  water,  and  by  acids  in 
general 

The  decay  of  wood,  when  the  temperature  is  moderate  and  moisture  and 
a  small  quantity  of  air  are  present,  is  frequently  attended  with  an  evolution 
of  lights  Wood  exhibiting  this  appearance  is  &miliarly  known  as  "  UgJU 
woodf^  and  is  of  a  white  appearance.  When  wood  decays  in  the  presence  of 
much  moisture  and  a  free  access  of  air,  it  is  reduced  to  a  brown  pulverulent 
mass  which  is  not  luminous.  The  phosphorescence  of  wood  ceases  when  tho 
temperature  falls  as  low  as  42°  P.,  and  it  is  also  irrecoverably  destroyed  by 
the  action  of  boiling  water. 

The  cause  of  phosphorescence  is  not  fully  understood ;  it  is,  however,  be- 
lieved to  be  the  result  ot  b  chemical  action  between  tlie  oxygen  of  thj  air, 
or  water,  and  the  so-called  phosphorescent  matter.  This  matter  is  capablo 
of  separation  from  the  living  animal,  and  is  characterized  by  a  remarkable  and 
disagreeable  odor. 

Light  is  also  developed^  under  certain  circumstances,  in 
the  act  of  crystallization. 

If  the  process  of  crystallizing  certain  substances  be  watched  in  a  darkened 
room,  the  separation  of  each  crystal  will  be  observed  to  be  accompanied  with 
a  faint  fiash  of  light. 

SECTION    II. 

PBOPBBTIEB    or    LIGHT. 

187.  Propagation  of  Light. — Light,  from  whatever  source 
it  may  be  derived,  moves  in  straight  lines,  or  rays,  so  long 
as  the  medium  traversed  is  uniform  in  density. 

By  a  medium,  we  mean  the  space  or  substance  through  which  light  passes. 
In  taking  aim  with  a  gun  or  arrow,  we  proceed  upon  the  supposition  that 
light  moves  in  straight  lines,  and  try  to  make  the  projectile  go  to  the  desired 
object  as  nearly  as  possible  by  the  path  along  which  the  light  comes  firom  the 
object  to  the  eye. 


Qunnoivs.— What  eirenmstanoes  attend  the  decomposition  of  sea-fish  f  What  is  said 
of  the  luminosity  of  decayed  voo'l  f  What  is  the  supposed  cause  of  phosphorescence? 
li  light  ever  developed  by  the  act  of  crystallization  ?   In  what  manner  is  light  propagated  ? 
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Thus,  in  fig.  49,  the  line  A  B,  which  represents  the  line  of  sight,  is  also 
the  direction  of  a  line  of  light  passing  in  a  perfectly  straight  direction  from  the 
object  aimed  at  to  tlie  eje  of  the  marksman. 

FiQ.  49. 


188.  DiTergenee  of  light.— Rays  of  light  proceedingfrom 
aluminous  body  diverge,  or 'spread  out  from  one  another 
in  every  direction. 

189.  Law  of  Himiniitioii  of  light  bf  Distanee.— When 
light  diverges  from  a  luminous  center,  its  intensity  dimin- 
ishes, not  according  io  the  distance^  but  as  the  square  of 
the  distance.* 

Thus,  at  a  distance  of  two  feet,  the  intensity  of  light  will  be  one  fourth  of 
what  it  is  at  one  foot ;  at  three  feet  the  intensity  will  be  one  ninth  of  what  it 
is  at  one  foot.  In  other  words,  the  amount  of  illumination  at  the  distance  of 
one  foot  from  a  single  candle  would  be  the  same  as  that  from  four,  or  nine 
candles  at  a  distance  of  two,  or  three  feet,  the  numbers  four  and  nine  being 
the  square  of  the  distances  two,  and  three,  from  the  center  of  illumination. 

190.  Telocity  of  light. — Light  does  not  pass  instanta- 
neously through  space,  but  requires  for  its  passage  from 
one  point  to  another  a  certain  interval  of  time. 

The  velocity  of  light  is  at  the  rate  of  about  one  hun- 
dred and  ninety-two  thousand  miles  in  a  second  of  time. 

191.  Action  of  light  on  Hatter.— When  light  falls  upon 
any  object,  it  may  be  disposed  of  in  three  ways  ;  1st,  it 
may  be  bent  back,  or  reflected ;  2d,  it  may  be  absorbed 
into  the  substance  of  the  body,  and  disappear ;  or  3d,  it 
may  be  transmitted,  or  pass  through  the  body. 


*  It  Is  an  exoeedinglj  cnriouB  fact,  that  this  law  of  tho  rariation  of  influence  according 
to  the  square  of  the  distance^  applies  to  all  physical  forces  which  spread  or  radiate  from  a 
center,  such  as  gravitation,  heat,  Ught,  electricitj,  magnetism,  and  sound. 

«-• 

QusBTiOKB. — ^What  Is  meant  hj  the  diTcrgence  of  light?  How  does  the  intensity  of 
light  diminish  by  distance  f  Illustrate  this  law.  What  is  the  velocity  of  light  f  How  is 
light  falling  upon  the  surface  of  a  body  disposed  off 
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"When  the  portion'  of  light  reflected  from  any  surface,  or 
point  of  a  surface,  to  the  eye  is  considerable,  such  surface, 
or  point,  appears  white ;  when  very  little  is  reflected,  it 
appears  dark-colored  ;  but  when  all,  or  nearly  all  the  rays 
are  absorbed,  and  none  are  reflected  back  to  the  eye,  the 
surface  appears  black. 

192.  Transparent  and  Opaqne  Bodies.— Bodies  which 
allow  the  light  which  falls  upon  their  surfaces  to  pass 
through  them,  are  said  to  be  transparent ;  while  those 
which  prevent  its  passage  are  said  to  be  opaque. 

193.  Lnminons  Bodies  are  those  which  shine  by  their 
own  light ;  such,  for  example,  as  the  sun,  the  flame  of  a 
candle,  metal  rendered  red  hot,  etc. 

All  bodies  not  in  themselves  luminous,  become  visible 
by  reflecting  the  rays  of  light. 

194.  Law  of  Seflection  of  Light.— The  law  which  gov- 
erns the  reflection  of  light  is  exceedingly  simple,  and  is 
the  same  as  that  which  governs  the  motion  of  an  elastic 
body  thrown  against  a  hard,  smooth  surface.  If  the  light 
fidls  perpendicularly  upon  a  flat  surface,  it  is  turned  back, 
or  reflected  perpendicularly,  and  in  the  same  lines  ;  if  it 
falls  obliquely,  it  is  reflected  obliquely,  the  angle  of  in- 
cidence being  equal  to  the  angle  of  reflection. 

Thus,  in  Fig.  50,  let  A  B  represent  the  direction  of  an  incident  ray  of  light 
&Uing  on  a  mirror,  F  0.  It  will  be  reflected  in  the  direction  B  £.  If  we 
draw  a  line^  D  B,  perpendicular  to  the  surfiice  of  the  mirror,  at  the  point  of 
reflection,  B,  it  will  be  found  that  the 
angle  of  incidence,  A  B  D,  is  precisely 
equal  to  the  angle  of  reflection,  EBB. 
If  the  light  falls  perpendicularly  upon  the 
surface,  F  C,  as  in  the  direction  D  B,  it 
will  be  reflected  in  the  same  line,  B  D ; 
or  in  other  words,  the  incident  and  re- 
flected ray  will  coincide. 

The  same  law  holds  good  in  regard  to 
every  form  of  surface,  curved  as  well  as  plane,  since  a  curve  may  be  supposed 
to  be  formed  of  an  infinite  number  of  Uttle  planes. 

QussnoKa. — When  is  a  body  light-colored,  and  when  dark  f  What  are  transparent 
and  ojMuine  bodies?  What  are  lumlnons  bodies?  How  are  bodies  not  luminous  ren- 
dered Tislblo  ?    What  is  the  law  of  the  reflection  of  Ught  ? 
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195.  Refrittion.—When  a  ray  of  light  falle  perpen- 
dicularly upoD  the  surface  of  ao  uncryBtallized  tianeparent 
Bithstauce  of  umform  density,  it  coDtinues  on  its  course 
unchanged  ;  hut  if  it  falla  upon  tbe  surface  obliquely,  its 
direction  is  suddenly  changed  as  it  enters  the  transparent 
object,  or  medium  ;  it  then  passes  on  in  its  new  direction 
in  a  straight  tine,  and  on  quitting  the  medinm,  it  is  again 
obruptly  bent  back  to  its  origina]  course,  provided  the 
surface  of  eutrauce  and  the  surface  of  exit  be  parallel  to 
each  other.  Such  a  change  in  the  course  of  a  ray  of  light 
i.^i  termed  Refraction. 

Whoa  tbe  ray  of  ligbt  passes  from  a  rarer  to  &  denser  meiiium  (as  Rxxu  air 
into  g1as9  or  nutor),  tho  ray  is  beat  or  refracted  Coward  a  lice  perpendicolar 
to  that  point  of  tho  surface  od  which  the  light  falls  ;  when,  on  the  cootraiy, 
tiia  raj-  passes  from  a  denser  to  a  rarer  medium,  the  raj  ia  bent  in  tlio  opposite 
direction,  or  D^m  tbe  perpend  icnlar. 

j-jg_  ei_  Thus,  in  Fig.  61,  sutftoee  n  m  to  Kpresent  tbe 

IsurCico  of  water,  and  S  O  a  ray  of  light  striking 
opon  its  sur&ce.  When  tho  ray  3  O  enters  the 
water,  it  will  no  longer  punnie  a  straight  ounrse^ 
but  will  be  rethicted,  or  bent  toward  the  perpen- 
dicular line,  A  B,  in  thif  direction  0  H.  The  denser 
the  water  or  other  fliud  naaj  be,  tlie  more  the  ray 
3  O  H  will  bo  rcftacted,  or  turned  toward  A  R 
IE  on  the  contrary,  a  ray  of  light,  H  0,  passes  from 
the  water  into  the  ur,  its  direction  after  leaving  the  water  will  be  further 
from  the  perpendicular  A  B,  in  the  direction  0  & 

A  Btmight  stick,  partly  immersed  in  water,  appears  to  be  broken  or  bent 

at  the  point  of  immersion.    Tliia  is  owing  to  tbe  fact  that  tbe  raya  of  light 

proceeiliDg  fhim  the  port  of  tho  stick  contained  in  the  water  are  refracted,  or 

Fia,  52.         caused  to  deviate  Stom  a  sS^ght  lino  as  they  pass  fVom  the 

I  water  into  the  air ;  consequently  that  portion  of  tbe  stick 
hnmersed  in  tbe  water  wDl  appear  to  be  lifted  up,  or  to 
be  bent  in  sudh  a  manner  as  to  form  an  angle  with  (he 
part  out  of  tbe  water. 
The  bent  appearance  of  the  stick  in  water  is  represented 
m  Fig.  63.  For  the  same  reason,  a  spoon  in  a  glass  of 
water,  or  an  oar  partially  immersed  in  water,  always  ap- 
pears bent 

QmsnoHa— WlutbDDdsretoDdbrtlierefnctioii  gf  light  r    Whan  wlU  n  n;  of  UgU 

■  ray  of  light  nf»ct^  In  puatag  from  ■  riinr  Ma  denier  Dujdiniii,  uiil  is  Oia  rvnm 
diiecHonr    WhiiruDiUnr&ctlUiulnta  thliprlDcIplat 
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196.  Yariations  of  Rcfractiye  Power.— No  law  has  yet 
been  discovered  which  will  enable  us  to  judge  of  the  re- 
fractive power  of  bodies  from  their  other  qualities.  As  a 
general  rule^  dense  bodies  have  a  greater  refractive  power 
tlian  those  which  are  rare  ;  and  the  refractive  power  of  any 
particular  substance  is  increased  or  diminished  in  the  same 
ratio  as  its  density  is  increased  or  diminished. 

Refractive  power  seems  to  be  the  only  property,  except  weight,  which  is 
unaltered  by  chemical  combination ;  so  that  by  knowing  the  refiractiye  power 
of  the  ingredients,  we  can  calculate  that  of  the  compound. 

All  highly  inflammable  bodies,  such  as  oils,  hydrogen,  the  diamond,  phos- 
phoras,  sulphur,  amber,  camphor,  etc.,  have  a  refiractivo  power  from  ten  to 
soven  times  grater  than  that  of  incombustible  substances  of  equal  density. 

Of  all  transparent  bodies  the  diamond  possesses  the  greatest  refractive  or 
light-bending  power,  although  it  is  exceeded  by  a  few  deeply-colored,  almost 
opaque  minerala  It  is  in  part  to  this  property  that  the  diamond  owes  its 
brilliancy  as  a  jewel. 

Many  years  before  the  combustibility  of  the  diamond  was  proved  by  ex- 
periment. Sir  Isaac  Newton  predicted,  from  the  circumstance  of  its  high  re- 
utictive  power,  that  it  would  ultimately  be  found  to  be  inflammable. 

The  determination  of  the  refracting  power  of  a  body  is  often  a  valuable 
guide  in  estimating  its  chemical  purity.  The  adulteration  of  essential  oils 
may  in  this  way  be  often  detected  with  ease,  when  it  would  be  otherwise 
difficult  to  ascertain  it  Thus  genuine  oil  of  cloves  has  a  refractive  power 
expressed  by  the  numbers  1,535,  while  that  of  an  impure  and  adulterated 
Bpecimen  was  not  more  than  1,498.. 

197.  Double  Befraetion  is  a  property  which  certain 
transparent  suhstances  possess^  of  causing  a  ray  of  light  in 
passing  through  them  to  undei^  two  refractions ;  that 
is,  the  single  ray  of  light  is  divided  into  two  separate  rays. 

A  very  common  mineral  called  "  Iceland  spar,"  yiq.  53. 

which  is  a  crystallized  form  of  carbonate  of  lime,  is 
a  remarkable  example  of  a  body  possessing  double 
refracting  properties.  It  is  usually  transparent  and 
colorless,  and  its  crystals,  as  shown  m  Fig.  53,  have 
the  geometrical  form  of  a  rhomb,  or  rhomboid ; — ^this 
t-nn  being  applied  to  a  solid  bounded  by  parallel 
^acea,  inclined  to  each  other  at  an  angle  of  105®. 

Qniffnoif  B. — What  estimate  can  we  form  of  the  refractive  power  of  a  body  from  its  other 
<iaalitie8?  What  is  the  refhu^re  property  of  inflammable  snbstanoesf  What  transpa- 
rent labstanoe  possesses  the  greatest  refttMstlTe  power  ?  How  may  refraction  be  need 
for  determining  the  chemical  parity  of  a  snbstanoe?  What  is  an  illustration  of  this? 
^'^tis  double  reftactioa  f  What  substauoe  posaessM  doubly  refracting  powers  in  a  r» 
iDtf kable  degree  t 
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The  maimer  in  which  a  crystal  of  Iceland  spar  divides  a  ray  of  light  into 


Fio.  64. 


two  separate  portions  is  clearly  shown  in  Fig.  54;  in 
which  8  T  represents  a  ray  of  light,  falling  upon  a  sur- 
face of  a  crystal  of  Iceland  spar,  A  D  E  0,.  in  a  perpen- 
dicular direction.  Instead  of  passing  through  without  any 
refraction,  as  it  would  in  case  it  had  fallen  perpendicu- 
larly upon  the  sur&ce  of  glass,  the  ray  is  divided  into 
two  separate  rays,  the  one,  T  0,  being  in  the  direction  of 
the  original  ray,  and  the  other,  T'  E,  being  bent  or  re- 
fracted. The  first  of  these  rays^  or  tlie  one  which  follows 
the  ordinary  law  of  refi:uction,  is  called  the  "  ordinary" 
ray ;  the  second,  which  follows  a  different  law,  is  called 
the  "  extraordinary"  ray. 
If  we  look  at  an  object,  as  a  dot,  a  letter,  or  a  line,  through  a  plate  of  glass 
FiQ.  55.  •    it  appears  single ;  but  if  a  double  re- 

fracting substance,  as  a  plate  of  Ice- 
land spar,  be  substituted,  a  double 
image  will  be  perceived,  as  two  dots, 
two  letters,  two  lines,  etc.  This  re- 
sult of  double  refiraction  is  represented 
in  Fig  55. 

The  phenomenon  of  double  refrac- 
tion is  due  entirely  to  the  peculiar 
molecular  structure  of  the  medium  through  which  the  light  passes  This  is 
proved  by  taking  a  cube  of  regularly  annealed  glass,  which  produces  but  one 
refracted  ray,  and  heating  it  unequally,  or  subjecting  it  to  pressure :  a  change 
is  thereby  efifected  in  the  arrangement  of  its  parts,  and  double  re&action  takes 
place. 

The  diamond  may  be  distinguished  from  all  other  precious  stones,  with  a 
single  exception  (the  garnet),  by  having  only  a  single  refraction,  the  others 
possessing  double  refiraction,  or  giving  a  double  image  of  a  taper  or  small 
light  viewed  through  their  &ccs.  By  the  same  means  all  precious  stones,  ex- 
cept diamond  and  garnet,  may  be  distinguished  from  artificial  ones,  by  the 
former  having  double  refiraction.  and  the  latter  only  single  refraction. 

198.  Polarization. — ^Light  which  has  been  refracted  from 
certain  surfaces,  or  transmitted  through  certain  substances^ 
under  certain  special  conditions,  assumes  new  properties, 
and  is  no  longer  reflected,  refracted,  or  transmitted  aa 
before.  This  change  in  the  action  of  light  is  called  Po- 
larization, and  a  ray  thus  modified  is  said  to  be  polarized. 

A  ray  of  light  which  by  any  method  has  become  polarized,  seems  to  have 

— — ■ —  '        ■  ■ 

Questions. — To  what  la  this  phenomenon  dne  ?  How  may  th'^  diamond  be  dlstlngnishcd 
fh>m  all  other  precious  stones?  What  is  polarized  light?  What  is  the  origin  and  ex- 
planation of  this  term  ? 
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acquired  a  property  of  possessing  sides.  If  the  original  ray  be  supposed  to  be 
a  cylindrical  rod,  polished  or  white  all  round,  which  is  capable  of  being  re- 
flected from  a  polished  surface  whatever  part  of  its  circumlerence  may  strike 
that  surface,  tho  polarized-ray  may  bo  compared  to  a  square-shaped  rqji  with 
four  flat  sides,  two  of  which  (opposite),  bright  and  polished,  are  capable  of  re- 
flection, while  two,  black,  or  dull,  are  not  Now,  the  word  "  poles,''  in  physi- 
cal science,  is  often  used  to  denote  the  ends  or  sides  of  any  body  which  have 
acquired  contrary  properties,  as  the  opposite  ends  of  a  magnet,  which  are 
called  the  positive  and  negative  poles.  By  analogy,  the  ray  of  light  whose 
sides,  situated  at  right  angles  with  each  other,  were  found  to  be  endowed 
with  opposite  physical  properties,  was  said  to  bo  polarized.  The  term  is  un- 
fortunate, but  is  too  firmly  engrafted  upon  science  to.  be  changed. 

The  explanation  of  the  change  occasioned  by  polarization  of  light  may  be 
briefly  stated  as  follows : — According  to  the  undulatory  theory,  common  light 
is  assumed  to  be  produced  by  vibrations  of  the  ethereal  particles  in  two  planes 
at  right  angles  to  the  pi  ogress  of  the  wave;  there  are  perpendicular  vibra- 
tions, and  thore  are  horizontal  vibrations.  Polarized  light,  on  tho  contrary, 
is  light  occasioned  by  vibrations  taking  place  in  only  one  plane — ^the  effect  of 
whatever  produces  polarization  being  to  suppress  all  the  vibrations  i^hich 
take  place  in  one  plane  at  right  angles  to  the  other.  Hence  the  different 
properties  possessed  by  opposite  sides  or  poles  of  the  ray. 

Common  light  is  converted  into  polarized  light,  for  all  practical  purposes 
and  for  experiment,  in  three  vrays — 

First, — ^When  it  is  reflected  from  glass  at  an  angle  of  incidence  of  fifty-eix 
degrees,  forty-five  minutes  from  the  perpendicular.  It  is  also  polarized  by 
reflection  firom  almost  any  bright  non-metallic  surface,  but  tho  maximum  po- 
larizing angle  for  each  different  surface  is  peculiar  to  itself.  When  the  re- 
flection firom  glass  takes  place  at  the  exact  angle  of  56°  46',  all  the  light  is 
polarized,  but  when  the  angle  of  reflection  deviates  from  this  amount,  some 
of  the  reflected  light  will  remain  unchanged,  the  quantity  uupolarized  beuig 
in  proportion  to  the  deviation. 

Secondly, — ^Light  may  be  polarized  by  transmission  through  a  bundle  con- 
sisting of  from  sixteen  to  eighteen  plates  of  thin  glass  or  mica. 

Thirdly, — ^Light  is  polarized  by  passing  through  certain  transparent  crys- 
tals, especially  those  which  possess  the  property  of  double  reflection. 

199.  Peculiarities  of  Polarized  Light.— If  a  ray  of  light 
which  has  been  polarized  by  reflection  from  a  glass  plate  is  caused  to  fell 
upon  a  second  plate,  it  is  not  reflected  as  common  light  would  be.  If  the 
plane  of  the  second  reflecting  suifece  is  so  inclined  to  the  first,  that  the 
ray  falls  at  an  angle  of  56°,  the  ray  is  not  reflected  at  all,  but  vanishes ;  if, 
on  the  contrary,  the  plane  of  the  second  reflecting  surface  is  parallel  to  the 
first,  it  Is  entu«ly  reflected.    It  is  also  a  peculiar  property  of  polarized  light. 


Questions. — ^In  what  three  ways  may  light  be  polarized  ?  What  pecnliarities  are  mani- 
ftsted  by  light  polarized  by  reflection  from  glass  ?  How  is  polarised  light  affected  by 
eartain  taranspereot  substances? 
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that  it  will  not  pass  through  certain  substances  which  arc  transparent  to  com- 
mon light.  This  is  shown  in  a  remarkable  manner  by  a  mineral  substance 
called  tourmalinei  the  internal  structure  o^which  is  sucli,  that  a  ray  of  com- 
mon light  which  has  passed  through  a  thin  plate  of  it,  and  thereby  become 
polarized,  can  not  pass  through  a  second  similar  plate,  if  it  is  placed  at  right 
angles  to  the  first 

for  example,  in  Fig.  5iS,  if  a  ray  of  light  be  caused  to  pass  through  a  thin 
p.Q  gg  plate  of  tourmaline,  as  c  e2^  in  the  direction 

of  the  line  a  5,  and  be  received  ppon  a  sec- 
ond plate,  ef,  placed  symmetrically  with  tho 
first,  it  passes  through  both  without  diffi- 
culty ;  but  if  the  second  plate  be  turned  a 
quarter  round,  as  in  the  direction  ^  ^  the 
light  is  totally  cut  off. 

200.  DiRCOvery  of  Polarized  Light . — ^The  phenomenon  of 
polarized  light  was  discovered  in  180S,  by  Malus,  a  young  engineer  officer  of 
Paris.  On  one  occasion,  as  ho  was  viewing  through  a  double  refracting  prism 
of  Iceland  spar  the  light  of  the  sun  reflected  from  a  glass  window  in  one  of 
the  French  palaces,  he  observed  some  very  peculiar  effects.  Tho  window  ac- 
cidentally stood  open  like  a  door  on  its  hinges,  at  an  angle  of  50^  and  Malus 
roticcd  that  the  light  reflected  at  this  anglo  was  endowed  with  properties 
which  distinguish  it  from  ordinary  light 

201.  Practical  ApplioationsofPolarized  Light  .—Tho 
principles  of  polarized  light  h^ve  been  applied  to  the  determination  of  many 
practical  results.  Thus,  it  has  been  found  thaV  all  reflected  light,  come  from 
whence  it  may,  acquires  certain*  properties  which  enable  us  to  distinguish  it 
from  direct  light ;  and  tho  astronomer,  in  this  way,  is  enabled  to  determine 
with  infallible  precision  whether  the  light  he  is  gazing  on  (and  which  may 
have  required  hundreds  of  years  to  pass  from  its  source  to  tho  eye),  is  inhe- 
rent m  the  luminous  body  itself  or  is  derived  from  somo  other  source  by  re- 
flection. 

It  has  been  also  ascertained  by  Arago  that  light  proceeding  from  incfmdes- 
cent  bodies,  as  red  hot  iron,  glass,  and  liquids,  under  a  certain  angle,  h  po- 
larized light ;  but  that  light  proceeding,  under  tho  same  circumstances,  from 
an  inflamed  gaseous  substance,  such  as  is  used  in  street  illunjination,  is  always 
in  a  natural  state,  or  unpolarized.  Applying  these  principles  to  the  sun,  be 
discovered  that  the  light-giving  substance  of  this  luminary  was  of  the  nature 
of  a  gas,  and  not  a  red  hot  solid  or  liquid  body. 

When  we  transmit  hght,  whether  common  or  polarized^  through  a  piece  of 
well  annealed  glass,  it  suffers  no  change,  and  we  see  no  structure  in  the  glass 
different  from  what  we  would  see  if  we  looked  through  pure  water.     But  if 

QuKSTioNS. — Illustrate  this  in  the  case  of  tourmaline.  When  and  how  wus  polarized 
light  diacoTered  f  What  are  some  of  the  practical  applications  of  polarized  light  f  What 
is  the  difference  between  light  emitted  from  Incandescent  solids  and  inflamed  gases? 
What  isHarenoe  has  Arago  made  respecting  the  constitution  of  the  sun  ?  What  informa- 
tion does  polarized  light  impart  respecting  the  structure  of  bodies  ? 
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we  mako  heat  pass  through  the  glass,  by  placing  the  edge  of  the  plate  upon 
a  heated  iron,  or  if  we  either  bend  or  compress  the  glass  by  mechsmical  force, 
its  structure,  or  the  mechanical  condition  of  its  particles,  will  be  changed.  If 
we  now  transmit  common  light  tlirough  the  glass  thus  changed,  the  change 
will  not  be  visible ;  but  if  we  transmit  polarized  light  through  it,  and  allow 
that  light  to  bo  reflected  from  a  transparent  body  at  an  angle  of  about  66^ 
and  in  a  plane  at  right^ngles  to  that  in  which  the  common  light  was  reflected 
and  polarized,  the  observer,  looking  through  the  glass,  will  see  the  most  bril- 
liant colors,  indicating  the  effects  of  the  compressing  or  dilating  forces,  or  of 
tlie  oontvacting  or  expanding  cause— the  degree  of  compression  or  dilatation, 
of  expansion  or  contraction,  being  indicated  by  the  colors  displayed  at  par- 
ticular parts  of  the  glass.  In  this  way  polarized  light  enables  us  to  discover 
that  certain  portions  of  a  body  have  been  subjected  to  certain  mechanical  forces, 
the  nature  of  which  must  be  sought  for  in  the  circumstances  under  which  the 
body  has  been  originally  formed,  or  in  which  it  has  been  subsequently  placed. 
On  this  principle,  many  bodies  which  are  quite  transparent  to  the  eye,  and 
which  upon  examination  appear  to  be  perfectly  uniform,  or  homogenous  in 
structure,  exhibit,  under  polarized  light,  the  most  exquisite  organization.* 


*  "  lat^^tnentary  Bubstanees  in  particnlar  form  a  brilliant  and  intereitlng  daaa  of  ob- 
jects. A  section  of  a  horse's  hoof  has  the  efTect  of  tho  richest  Brussels*  carpet,  vith  a 
syuimetrical  pattern  that  might  be  copied  by  the  loom. 

*"*•  The  vegetable  world  has  a  less  brilliant  display  to  make,  bnt  is  still  replete  with  in- 
terest Cuticles  containing  flint  are  often  rery  beantiftal ;  that  of  the  common  marcstail 
presents  a  remarkably  neat  shawl  pattern  in  stripes.  Very  curious  optical  effects  are  pre- 
sented by  the  various  starches.  The  starch  called  tons-les-mois,  having  the  largest  grains, 
Is  usually  selected  for  exhibition. 

**  Crystalline  forms,  however,  aflbrd  the  most  striking  exhibitions  of  the  phenomena 
of  poluizad  light.  Saladne,  a  salt  extracted  from  the  bark  of  the  willow,  ojTers,  whed 
almost  an  imperceptible  film,  the  appearance  of  a  pavement  consisting  not  merely  of  gold, 
but  of  lapis  lazuli,  ruby,  emerald,  and  opal.  Chlorate  of  potash  strews  the  field  of  view 
with  liberal  liandfuls  of  pyramidal  Jewels.  Chromate  of  potash,  which  forms  a  bright 
yellow  solution,  presents  a  remarkable  assemblage  of  club-shaped  crystals,  which  have 
been  compared  to  vast  heaps  of  constables*  staves.  Oxalate  of  potash,  like  several  other 
eombinations  of  oxalic  acid,  is  a  salt  of  such  variety  and  brilliancy,  that  its  crystals,  float- 
ing and  Rowing  in  a  few  drops  of  solution  on  the  slide,  look  as  if  their  form  and  color 
were  the  resnlt  of  a  Chinese  imagination  in  its  happiest  moments. 

**  Fancy  yourself  living  in  a  region  solely  illuminated  by  Aurora  borealis — ^Imagine  a 
country  where  every  passing  cloud  throws  a  diverse-colored  shadow  of  gorgeous  huos 

ross  your  path ;  where  the  air  breeds  rainbows  without  the  aid  of  a  shower,  and  where 
le  summer  breeae  breaks  those  rainbows  into  irregular  lengths,  fragments,  and  glitter- 
ing dust,  scattering  them  broadcast  over  the  land,  like  autumnal  leaves  swept  by  a  gale 
from  the  forest,  and  you  have  an  approximate,  and  by  no  means  exaggerated  idea  of  the 
effects  of  polarized  lig^t  on  substances  capable  of  being  affected  by  it  For,  it  is  light  en- 
dowed with  extra  delica<7,  subtlety,  and  versatility.  It  renders  visible  midnte  details  of 
stmotare  in  the  most  glaring  colors ;  it  gauges  crystalline  films  of  infinitesimal  thinness  : 
it  betrays  to  the  student*s  search,  otherwise  inappredable  differences  of  density  or  elas- 
ticity in  the  various  parts  of  tissnes.  Indeed,  as  a  detector,  polarized  light  is  Invaluable, 
acting  the  part  of  a  spy  under  the  most  unexpected  circumstances.  It  denounces  as  cot- 
ton what  you  believtjd  to  be  silk ;  it  demonstrates  disease  where  you  supposed  health. 
It  adorns  oljjeets  that  are  vile  and  mean,  whose  destiny  is  only  to  be  cast  out— such  aa 
parings  of  nails,  shavings  of  animals*  hoofs,  cuticle  rubbed  or  peeled  from  tho  stems  of 
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In  a  similar  manner  the  chemist  is  able  to  determine,  by  the  maimer  in 
which  light  is  reflected  or  polarized  by  a  crystallized  body,  whether  it  baa 
been  adulterated  by  the  addition  of  foreign  substances.  Polarized  light,  also, 
hi  certain  caseS)  affords  the  best  means  of  arriving  at  a  knowledge  of  the  va- 
rieties ilnd  proportion  of  sugar  in  the  juices  of  plants,  and  in  complex  sac- 
charine liquids. 

202.  JUagnetiiatioB  of  L i g h t.— Recent  experiments  made  by 
Professor  Faraday  have  proved  that  magnetism  has  the  power  of  influencmg 
a  ray  of  light  in  its  passage  through  transparent  bodies.  This  &ct  is  sho^n 
by  the  folljwing  experiment : — ^A  ray  of  polarized  light  is  passed  through  a 
piece  of  glass,  or  a  crystal,  or  along  the  length  of  a  tube  filled  with  some  trans- 
parent fluid,  and  the  line  of  its  patii  carefully  observed ;  i^  when  this  is  done^ 
the  solid  or  fluid  body  is  brought  under  powerful  magnetic  influence,  such  as 
may  be  called  into  action  by  the  circulation  of  an  electiic  current  around  a 
bar  of  soft  iron,  it  will  be  found  that  the  polarized  light  is  disturbed,  and  that 
it  does  not  continue  to  pass  through  the  medium  along  the  same  lina  "  As 
tins  effect  is  most  strikingly  shown  in  bodies  of  the  greatest  density  and  di- 
minishes in  fluids,  the  particles  of  which  are  easily  movable  upon  each  other, 
and  has  not  as  yet  been  observed  in  any  gaseous  medium,  tlie  quesUon  has 
arisen,  docs  magnetism  acl  directly  upon  the  ray  of  light,  or  only  indirectly, 
by  producing  a  molecular  change  in  the  body  through  which  the  ray  is  pass- 
ing ?  In  the  present  state  of  science  no  satisfiictory  reply  can  be  given." — 
BoBEBT  Hunt. 

203.  Deeomposition  of  Ligtit .—When  a  beam  of  light,  S  A, 
Fig.  67,  from  the  sun  is  admitted  into  a  dark  room,  by  a  small  aperture  in  the 
window-shutter,  and  is  intercepted  in  its  passage  by  a  wedge,  or  solid  angle 
of  glass  called  a  prism,  it  is  refracted,  or  bent  from  its  course  as  it  enters^ 
and  again  as  it  issues  from  the  glass.  In  place  of  forming  a  circular  spot  of 
white  Ught  on  the  floor  of  the  apartment,  as  it  would  have  done  if  allowed  to 
proceed  in  its  original  direction,  S  K,  it  illuminates  with  several  colors  an 
oblong  space,  H,  on  the  opposite  wall,  or  on  a  white  screen  properly  placed 
to  receive  it  This  oblong  colored  image  is  called  the  prismatic,  or  solar 
spectruuL 

Newton,  who  first  carefully  investigated  this  remarkable  fact,  distinguished 
seven  difierent  colors,  which  gradually  shade  off  one  into  the  other  in  the 
following  order,  commencing  at  the  upper  part  of  the  spectrum,  viz.,  violet, 
indigo,  blue,  green,  yellow,  orange,  and  red. 

White  light  may,  therefore,  be  regarded  as  the  result 


pUmta,  ofbeonring  of  onr  kitehewi  and  stora-rooms,  >ngar,  acids,  and  salts— with  the  mosk 
magnifleent,  the  moat  resplendent  tints,  auch  aa  are  aeen  when  the  aun  streams  thz^ngh 
the  atained  glaas  windows  of  a  Norman  cathedral.'* 

Qunnoira— Ckm  polarised  Ught  b9  made  available  in  determining  the  chemical  diar* 
•eter  of  a  sohsfcaiioe  f  What  Inilnenoe  has  loagnetism  on  light  ?  What  is  meant  by  ttie 
deoompoaltion  of  Ught?  What  is  the  solar  speetonmf  How  are  the  colors  of  the  npeo- 
tram  arranged  ?    How  may  white  light  be  regarded  ? 
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of  a  mixtnre  of  rays  of  different  colors,  which  arc  UDeqnally 
acted  upon  by  tho  prism — each  color  possessing  its  own 
peculiar  refrangibility. 

Thus  the  red  rsya,  which  are  the  least  redacted,  or  the  least  tum*d  ftom 
their  course  by  tho  prism,  alwaja  occur  at  the  bottom  of  the  Bpectrum,  while 
the  violet,  which  ia  theutoet  re&act^,  occurs  at  tlie  top;  the  remaining  cotm 
beiiig  anacged  ia  the  intennediate  space'ia  tbe  oider  of  tb^  ieli:aiigibilit]r. 


The  seven  dilTerent  rays  of  light  when  once  separated  and  relHcled  by  a 
prism,  arc  not  capable  of  being  analysed  by  refraction  agwn ;  but  if  by  means 
of  a  convex  lens  they  are  cotlecled  ti^ether  and  converged  to  a  Ibcue,  thcj 
will  form  white  light. 

201.  Liaes  in  the  Solar  Spectrnm  —When  the  solar  spec- 
trum ia  fonncd  in  the  uaual  manner  upon  n  wbito  screen,  it  appears  Ubo  a 


lin  precautions,  how 

traversed  in  the  direction  of  iti 

in  different  parts  in  width  and  dia- 


la  band  of  colored  light.     By  la 
fOAy  bo  Boen  that  tliis  luminoua  1: 
breadth  bj  numerous  dark  hnes,  varying  in 

tinctuesa ;  or,  in  other  words,  theto  are  interruptions  m  the  spectrum  where 
there  is  no  light  of  any  color.  Those  lines  are  independent  of  tlie  refVacting 
medium,  and  always  occur  in  the  same  color  and  at  corresponding  points  of 
tho  speclnun. 

The  poaitira  of  these  dark  spaces  varies,  however,  with  the  Kwrce  of  light 
With  a  few  exceptions,  each  of  tbe  fixed  stars  hsa  a  system  of  lines  peculiar 
10  iL  The  light  proceeding  from  the  fixed  stars  Sinus  and  Castor  agree  veiy 
neariy  ld  this  respect,  but  differ  from  tho  light  of  the  sun.  The  spectrum, 
however,  which  is  formed  from  tbe  hgbt  proceeiliog  from  tlie  fixed  star  Pol' 

QmniHn. — An  Ihe  eiiani  nja  mpibla  of  r■n^tr  i1«eoDipariUni  br  ichaeUont 
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lux  is  the  BBme  as  that  of  the  nm.     Grerr  utifldal  lig^t,  alaa,  ahowB  soma 
pceuliarit^  in  this  respect. 

Becent  diBcoveries  have  given  to  these  phenomena  en  entlrelj  chemical 
character.  It  has  been  found  that  the  white  light  oT  ordinaiy  flames  reqnirea 
merely  to  be  sent  through  a  certain  gaaoous  medium  (such  as  mtrooa  add 
Tapor)  to  acquire  more  than  a  thousaud  dark  lines  in  its  spectrum ;  and  it 
has  hence  been  inferred,  that  it  is  the  presence  of  certain  ga«es  in  the  at- 
mosphere of  the  sun  and  of  the  fixed  sUra,  which  occasioa  the  observed  de- 
fldeucdea  in  the  spectra  Gnmcd  fivm  tiieir  light  In  this  way  points  of  re- 
semblance and  diSbrence  ma/  bo  traced  between  Ihe  constitation  of  our  sua 
and  the  suns  of  other  Bjatema 

In  Fig.  G8,  No.  1  shows  the  principal  daric  lines  of  the  pure  solar  ^Kctrum ; 
No.  S,  the  alteration  occaBiooed  b;  passing  solar  light  through  Itae  vapor  of 
broEnine ;  while  No.  3  repiceenta  the  verv  difibrent  result  eQbct«d  bj  the 
perozTd  of  nitrogen. 

FlO.  68, 


'205.  Cilorific  and  ChemicBl  EUmenti  tt  Selar  light-— 
Solar  light,  in  additioD  to  the  lamiuotis  principle  which 
produces  the  phenomena  of  color  and  is  the  caase  of 
vision,  contains  two  other  principles,  viz.,  heat  and  actin- 
ism, or  the  chemical  principle.  These  principles  are  in- 
visible to  the  eye,  and  have  onl/  been  discovered  by  their 
efiects  on  other  bodies. 

The  constitution  of  the  solar  raj  may  be  compared  to  a  handle  of  three 
eticksj  one  of  which  represents  heat,  another  light,  and  a  third  the  actiuio 
principle. 

We  know'  that  tbeso  tbreo  principles  exist  in  every  ray  of  solar  light,  be- 
cause we  are  able  to  separate  them  in  a,  great  degree  from  each  othn'.  Thui^ 
when  we  decompose  a  ray  of  solar  light  by  means  of  a  prism,  and  throw  the 
spectrum  upon  a  screen,  the  luminous,  the  ealoriflo,  and  the  chemical  or  ac- 
tinic radiations,  will  each  be  refracted,  or  bent  out  of  their  course  in  diCTerent 

Qli«n<ni».— Whil  dlKorerigi  lisTe  gim  M  tfamaUnei  ■  chsmiul  eliarHter?  Wlml 
Ihrea  piinclplH  in  fuclndwl  In  nlur  llgbt  r    Hair  do  wa  kwnr  of  ihe  eiMena  of  tbew 
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degrees,  and  will  consequently  assume  different  positions  upon  the  screen. 
In  other  words,  the  light  of  the  sun  refracted  by  the  prism  produces  in  reality 
three  spectra,  one  visible  and  two  invisible. 

The  calorific,  or  heat  radiations,  will  be  refracted  least,  and  their  maximum 
point  will  be  found  but  slightly  thrown  out  of  the  right  line  which  the  solar 
ray  would  have  traversed  had  it  not  been  intercepted  by  the  prism*  The 
heat  diminishes  with  much  regularity  on  each  side  of  this  line. 

The  luminous  radiations  are  subject  to  a  greater  degree  of  refhu^tion ;  their 
point  of  maximum  intensity  being  in  the  yellow  ray,  lying  considerably  above 
the  point  of  greatest  hoat  The  hght  diminishes  on  each  side  of  it,  producing 
orange,  red,  and  crimson  colors  below  the  maximum  point,  and  green,  bluo^ 
and  violet  above  it. 

The  radiations  which  produce  chemical  action  are  more  refrangible  than 
either  the  calorific  or  luminous  radiations,  and  the  maximum  of  chemical 
power  is  found  at  that  point  of  the  spectrum  where  light  is  feeble,  and  where 
scarcely  any  heat  can  be  detected. 

The  positions  in  the  spectrum  of  the  heat  and  actinic  radiations,  which  are 
invisible  to  the  eye,  may  be  found  by  experiment.  Thus,  if  we  place  a  deli- 
cate thermometer  in  the  different  rays  of  the  spectrum  (§  203,  Fig.  67),  it 
will  be  found  that  the  indigo  and  violet  rays  scarcely  affect  it  at  all,  while 
the  yellow  ray,  which  is  the  most  luminous,  is  inferior  in  heating  action  to 
the  red  ray,  which,  yielding  but  little  light,  possesses  the  greatest  amount 
of  heat  If  now  the  thermometer^be  carried  a  little  below  and  just  out  of 
the  red  ray,  into  the  darkened  space,  it  will  exhibit  the  greatest  increase  in 
temperature,  thus  proving  the  presence  of  a  heating  ray  in  solar  light  inde- 
pendent of  the  luminous  ray.  In  a  like  manner,  by  substituting  a  chemically 
prepared  surface,  as  a  piece  of  photographic  paper,  for  the  thermometer^  tlie 
presence  of  a  chemical  ray  can  be  proved  in  the  darkened  space  at  the  other 
end  of  the  spectrum,  and  near  to  the  blue  and  violet  rays. 

206.  AnalysiH  of  Heat . — ^The  heat  emanating  frx)m  the  sun  or  from 
a  bright  flame,  consists  of  rays  which  differ  from  each  other  as  much  as  tHe 
red,  yellow,  and  blue  rays  do  which  constitute  white  light  Heat  radiated 
from  a  body  having  a  lower  temperature  than  800°  F.,  is  much  less  refrang- 
ible than  red  light ;  but  if  the  temperature  of  the  radiating  body  be  increased, 
it  emits,  in  addition  to  the  rays  previously  emitted,  others  of  a  higher  refrang- 
ibUity,  until  at  last  some  few  of  its  rays  become  as  refrangible  as  the  least 
refrangible  rays  of  light.  The  body  then  appears  of  the  same  color  as  the 
least  refrangible  rays  of  light,  and  is  said  to  be  red  hot.  If  it  be  heated  more, 
it  emitsy  in  addition  to  the  red,  still  more  refrangible  rays,  viz.,  orange ;  then 
(at  a  higher  temperature)  yellow  rays  are  added,  and  so  on,  until  when  the 
body  is  white  hot,  it  emits  all  the  colors  visible  to  us ;  and  in  some  Instances 
(of  very  intense  heat),  even  the-in visible  chemical  rajrSj.more  refrangible  than 
the  violet,  are  emitted,  though  in  less  quantity  than  in  the  solar  rays. 

QuxsnoNB.— Ib  heat  emanathig  from  yarions  sdnrces  uniform  in  character  t  Hoir  d« 
the  rays  of  heat  differ  In  refrangibilityf 
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Thus  lighti  in  one  sense,  appears  to  be  nothing  more  than  risible  heat^ 
and  heat  inyiaible  light — ^the  constitation  of  the  eye  being  such  that  it  can 
perceive  one  aud  not  the  other,  iu  the  same  way  as  the  ear  can  appreciate 
vibrations  of  soond  more  rapid  than  sixteen  per  second,  but  not  those  wiiich 
are  less  rapid. 

A  series  of  interesting  experiments  made  some  years  since  by  Kelloni, 
show  very  conclusively  that  heat  emanating  from  different  souroes  differs  in 
it  3  nature,  in  the  same  manner  as  the  light  of  a  red  body  differs  from  that 
of  a  blue.  He  employed  four  sources  of  caloric,  two  of  which  were  lumin- 
ous and  two  non-luminous^  or  obscure ;  namely,  an  oil-lamp  without  a  glass^ 
incandesoent  platinum,  copper  heated  to  696^  F.,  and  a  copper  vessel  filled 
with  water  at  a  temperature  of  178^  F.  Rock-salt  transmitted  heat  in  the 
proportion  of  92  rays  out  oi  every  100  from  each  of  these  sources ;  but  every 
other  substance  pervious  to  radiant  heat,  whether  solid  or  liquid,  transmitted 
more  caloric  from  sources  of  high  temperature  than  from  such  as  were  low. 
For  instance,  a  clear  and  limpid  mmeral,  tlie  fluate  of  lime,  transmitted  in 
the  proportion  of  78  rays  out  of  100  from  tlie  lamp,  69  from  the  platinum, 
42  from  the  copper,  and  33  from  the  hot  wat^r ;  while  transparent  rock  crys- 
tal transmitted  38  rays  in  100  from  the  lamp,  28  from  the  platinum,  6  from 
the  copper,  and  9  from  the  hot  water.  Pure  ice  transmitted  only  in  the 
proportion  of  6  rays  in  the  100  from  the  lamp,  and  entirely  excluded  those 
from  other  sources. 

The  discovery  of  the  fact  that  heat  proceeding  from  the  sun  or  any  other 
liminous  bo  ly  is  susceptible  of  division  into  rays,  differing  in  nature  and  in 
rjfrangibility,  has  furnished  an  explanation  of  many  curious  phenomena. 
Heat  fron  very  intense  sources  is  more  refrangible  and  passes  more  readily 
through  most  substances  than  heat  of  low  intensity.  Tlius,  the  heat  of  the 
sun  passes  readily  through  glass,  but  the  heat  of  a  fire  is  almost  entirely 
obstructed.  Advantage  has  been  taken  of  this  fiict  by  those  who  have  oc- 
casion to  inspect  the  progress  of  operations  carried  on  in  fiimaces ;  since  they 
s£re  able,  by  the  use  of  a  glass  screen,  to  protect  the  face  from  the  scorching 
rays  which  the  glass  absorbs,  although  it  offers  no  impediment  to  the  trans- 
mission of  light. 

It  is  a  well-known  fact  that  snow  which  lies  near  the  trunks  of  trees  or 
other  like  substances,  is  melted  much  more  rapidly  than  that  exposed  to  tho 
action  of  the  direct  rajs  of  the  sun.  The  reason  of  this  is,  that  the  heat  of 
the  sun,  being  heat  of  high  intensity  and  high  refrangibility,  passes  through 
the  snow  without  experiencing  a  great  degree  of  absorption  ;  but  solar  heat^ 
which  first  falls  upon  the  tree  and  is  then  radiated  upon  the  snow,  is.  thereby 
charg3d  into  heat  of  low  refrangibility,  and  is  readily  absorbed  instead  of 
being  transmitted. 

207.  Actionoftbe   Chemical  Ray  8. — ^The  chemical  principle 

'  lit , ,  ■    I  ■  I .  ■ 

QuKmoTTB. — Describe  the  experiments  of  McIIoni.  What  resnlts  hare  followed  the  dis- 
covery of  the  analTsIs  of  heat  ?  Why  will  glass  transmit  heat  from  the  sun,  and  not  from 
a  fire  ?  How  does  the  action  of  light  on  snow  vary  i  What  is  tho  character  of  the  chem- 
ical principle  of  light  ? 


r 
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of  light  is,  without  doubt,  like  the  calorific  principle,  compoeed  of  rays  of  dif- 
ferent character,  and  of  diflferenl  refrangibiUty.  Recent  experiments  of  Pro- 
fessor Stokes  of  England,  seem  to  show  that  when  the  invisible  rays  which 
occupy  hi  the  spectrum  a  position  beyond  the  violet,  are  caused  to  pass 
through  a  solution  of  quinme,  they  are  changed  in  refrangibility,  and  become 
visible-^appearing  as  a  sky-blue  light  at  a  point  fiur  beyond  the  usual  lu- 
minous limit  of  the  spectrum.  This  phenomenon  has  been  termed  the 
''degradatioxi  of  light" 

The  study  of  the  diemical  principle  oontamed  in  the, rays  of  solar  light  has 
leqdered  probable  the  curious  lact,  that  no  substance  can  be  exposed  to  the 
sun's  rays  without  undergoing  a  chemical  change ;  and  firom  numerous  ex- 
amples it  would  seem  that  the  chuiges  in  the  molecular  condition  of  bodies 
which  sunlight  effects  during  the  daytime,  is  made  up  during  the  hours  of 
night,  when  the  acticxi  is  no  longer  influ^cing  them.  Thus  -darkness  ap- 
pears to  be  essential  to  the  healthy  condition  of  all  organized  and  unorgan* 
ized  forms  of  matter. 

The  process  of  forming  Daguerreotype  and  other  photo- 
graphic pictures,  depends  solely  upon  the  actinic,  or 
chemical  influence  of  the  solar  ray. 

The  term  **  photography,"  signifying  light  drawing,  whidi  is  the  general 
name  given  to  this  art,  is  imfortunate  and  ill-chosen,  for  not  only  does  light 
not  es^erdse  any  influence  in  producing  the  pictures,  but  it  tends  to  destroy 
them. 

That  the  luminous  principle  is  not  necessary  for  the  success  of  the  photo- 
graphic process,  may  be  proved  by  the  experiment  of  taking  a  daguerreotype 
in  absolute  darkness.  This  can  be  accomplished  in  the  following  manner : — 
A  large  prismatic  spectrum  is  thrown  upon  a  lens  fitted  into  one  side  of  a 
dark  chamber ;  and  as  the  actinic  power  resides  in  great  activity  at  a  point 
beyond  the  violet  ray,  where  there  is  no  light,  the  only  rays  allowed  to  pass 
the  lens  into  the  chamber  are  those  beyond  the  limit  of  coloration,  and  non- 
luminous  ;  these  are  directed  upon  any  object,  and  fW>m  that  object  radiated 
upon  a  highly  sensitive  photographic  surfece.  In  this  way  a  picture  may  be 
formed  by  radiations  which  produce  no  effect  upon  the  eye. 

It  has  also  been  found  that  the  yellow,  the  orange,  and  the  red  rays  of 
light  possess  the  power  of  retarding  by  their  presence  all  chemical  or  pho- 
togenic action,  in  proportion  to\  their  predominance ;  and  if  unaccompanied  by 
otber  light,  they  arrest  the  effects  of  the  cliemical  rays  altogether.  On  the 
contrary,  the  violet,  indigo,  and  blue  rays  of  light  fiivor  chemical  action.  This 
is  clearly  exemplified  in  the  followmg  manner :— If  an  engravmg  be  covered 
one  half  with  a  yellow  glass,  and  placed  in  firont  of  a  camera  for  the  pur- 

QuMTiowB.^— What  experiments  have  been  made  by  Mr.StokeS'?  Tfhat  enrfoOB  Ikct  has 
the  atddj  of  the  chemical  principle  of  light  evolved?  Upon  what  does  the  prodacflon  of 
photographic  pictures  depend  ?  What  experiment  shows  that  light  Is  not  necessary  for  the 
production  of  a  photographic  picture  ?  How  do  the  different  Inminoos  rays  of  the  soter 
heam  affect  the  chemical  principle?    What  experiments  and  &eta  iUostrat^  their  rela- 


tive aoti<m? 
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pose  of  reprefletitatlon  on  a  daguerreotype  plate,  an  accorate  copj  wiU  be 
shortly  obtained  of  the  uncovered  portion,  while  the  yellow  screen  entirely 
prerents  the  plate  firom  receiving  an  impression  of  the  rest  But  if  the  en- 
graving be  covered,  one  half  with  blue  and  the  other  half  with  yellow  glass, 
while  it  will  be  distinctly  disoemible  to  the  eye  through  the  latter  and  not 
at  all  through  the  former,  the  camera  will  faithfully  copy  the  portion  whidi 
is  invisible,  but  wholly  neglect  the  other.  Again,  in  a  room  illuminated  solely 
through  red,  or  orange  glass,  in  which  light  may  fell  with  daroling  luster,  no 
pbotognraphic  operations  can  be  conducted ;  while  if  blue  glass  be  Substi- 
tuted, the  change,  while  it  will  dim  the  effUgence^  will  enable  the  photo- 
grapher to  exeroise  his  art  with  sucoesa  In  the  same  way,  during  certain 
states  of  the  atmosphere^  there  may  be  an  abundance  of  illuminating,  but 
very  few  photogenic  rays. 

208.  Iiiflnence  of  Light  on  Tegetat  Ion.— There  aremany 
reasons  for  supposing  that  each  of  the  three  principles,  light,  heat,  and  actin- 
ism, included  in  the  solar  ray,  exercise  a  distinct  and  peculiar  influence  upon 
vegetation.  Thus  the  luminous  principle  oontrcls  the  growth  and  coloration 
of  plants,  the  calorific  principle  their  ripening  and  fhtctification,  and  the  chem- 
ical principle  the  germination  of  seeds.  Seeds  which  ordinarily  require  ten 
or  twelve  days  for  germination,  will  germinate  under  a  blue  glass  in  two  or 
three.  The  reason  of  this  is,  that  the  blue  glass  permits  the  chemical  prin- 
ciple of  light  to  pass  fi-eely,  but  excludes,  in  a  great  measure,  the  heat  and 
the  light  On  the  contrary,  it  is  nearly  impossible  to  make  seeds  germinate 
under  a  yellow  glass,  because  it  excludes  nearly  all  the  chemical  influence 
of  the  solar  ray. 

Further  consideration  of  the  chemical  effects  of  light  will  be  postponed 
until  after  the  chemical  properties  of  the  elementary  bodies  have  been  de- 
scribed. 


CHAPTER    IV. 


KLKCTBICITT. 


209.  Electricity  is  a  Bubtlle  agency  or  force,  without 
weight  or  form,  that  appears  to  be  di£fused  through  all 
nature,  existing  in  all  substances  without  a£fecting  their 
volume  or  their  temperature,  or  giving  any  indication  of 
its  presence  when  in  a  latent,  or  ordinary  state.  When, 
however,  it  is  liberated  from  this  repose,  it  is  capable  of 

OnvnoRSi— Whftt  influence  do  the  three  prinoiples  of  the  eolar  nj  exert  on  vegetatiooii 
What  ie  electricity  7  f 
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prodacing  the  most  sudden  and  destructive  effects,  or  of 
exerting  powerful  iufluences  by  a  quiet  and  long-continued 
action. 

We  are  unable  to  say  whether  electricity  is  a  material  sabst^nce,  a  property 
of  matter,  or  the  vibration  ef  an  ether.  The  general  opinion  at  the  present 
day,  however,  is,  that  electricity,  like  light  and  heat,  is  the  result  of  some 
modification,  or  vibration  of  that  subtile  ethereal  medium  which  pervades  all 
space,  and  which  is  capable  of  moving  with  various  degrees  of  fiicility  through 
the  pores  of  even  the  densest  substances. 

.  The  language  which  is  almost  universally  adopted  in  describing  electrical 
phenomena^  is  based  upon  the  supposition  that  electricity  is  a  form,  or  kind 
of  matter,  since  by  the  use  of  this  hypothesis,  the  leading  facts  of  the  sdenoe 
may  be  clea|;ly  and  simply  set  forth. 

210.  Electricity  and  Chemical  Action.— The  relation 
which  exists  between  the  force  of  electricity  and  the  opera- 
tions of  chemical  affinity  is  most  intimate  ;  and  according 
to  some  authorities  electricity  and  chemical  affinity  are 
merely  different  manifestations  of  the  same  agent, 

211.  Excitation  of  Electricity.— Electricity  may  be  ex- 
cited,  or  called  into  activity  by  mechanical  action,  by 
chemical  action,  by  heat,  aud  by  magnetic  influence. 

Why  the  means  above  enimierated  should  develop  electricity,  or  ezcite  it 
from  a  neutral  condition,  is  a  matter  at  present  wholly  inexplicable, 

212.  Two  Conditions  of  Electricity.— Electricity  in  the 
act  of  becoming  free,  as  when  excited  by  friction,  or  when 
evolved  from  a  galvanic  battery,  appears  to  separate  into 
two  forces,  or,  as  it  is  generally  termed,  into  two  kinds  of 
electricity.  These  two  forces  are  identical  in  their  nature 
and  equal  in  power,  but  opposite  and  contrary  in  their  ac- 
tion. When  they  meet^  they  do  not  unite  to  form  a 
double  electrical  force,  J?ut  they  mutually  neutralize  and 
destroy  the  power  of  each  other. 

The  existence  and  action  of  these  two  forces,  or  kinds  of  electricity,  may  be 
demonstrated  by  the  following  simple  experiment : — ^If  we  take  a  dry  glass 
rod,  rub  it  weU  ^ith  silk,  and  present  it  to  a  light  pith  ball,  or  feather,  P, 

L. IL ; ^ 4 

QuBSTXONs.— What  do  we  know  concerning  the  real  nature  of  th^  agent  ?  What  is  the 
relation  between  eleetridty  and  chemical  action  ?  How  may  electricity  be  excited  ?  In 
what  manner  doea  electricity,  on  being  set  free,  display  itself?  What  is  the  character  of 
the  two  forces,  or  kinds  of  electricity  ?  How  may  thfe  existence  and  action  of  the  two 
kinds  of  electricity  be  demonatrated? 
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Yi%,  69,  saspended  from  a  eupport  bya  ^k  thread,  l^e  ball  or  feather  will  be 
attracted  toward  the  glass,  as  seen  at  G.    After  it  has  adhered  to  it  a  moment> 

it  will  fly  off,  or  be  repelled,  as  P'  from  G'.   The 
FlO.  59.  game  thing  will  also  happen  if  sealing-wax  be 

rubbed  with  dry  flannel,  and  a  like  experinent 
mada  •* 

however,  the  action  of  the  glass  and  the 
be  compared  together,  a  remarkable  differ- 
between  the  two  will  immediately  manifest 
itself  for  when  the  glass  repels  the  ball  the  seal- 
-wax  will  attract  it  most  strongly,  and  when 
the  wax  repels,  the  glass  attracts  in  like  manner; 
80  that  if  we  suspend  a  light  pith  ball,  or  feather,  by  a  silk  thread,  as  in  Fig. 
60,  and  present  a  stick  of  excited  sealing-wax,  S^  on  c»ie  side^ 
and  a  tube  of  excited  glass,  G,  on  the  other,  the  ball  will 
commence  vibrating  like  a  pendulum  from  one  to  the  other, 
being  alternately  attracted  and  repelled  by  each,  the  one  at- 
tracting when  the  other  repels.    "We  therefore  conclude  that 
the  electricities  excited  in  the  glass  and  wax  are  different 

la  order  to  distinguish  the  two  opposite 
forces  or  conditions  of  electricity  from  each 
other,  that  force  which  is  obtained  from  the  glass  has  l)3en 
leriiied  vitreous,  or  positive  electricity  ;  and  that  froiii  the 
wax,  resinous,  or  negative  electricity. 

While  the  terms  vitreous  and  resinous  are  now  rarely  used,  those  of  posi- 
tive and  negative  are  somewhat  imfortunate,  since  they  almost  unavoidably 
convey  to  the  learner  the  impression  that  the  one  force  is  stronger  or  more 
potent  than  the  other,  whereas  the  negative  electricity  has  as  positive  un  ex- 
istence and  as  substantial  power  as'  the  opposite  electricity. 

Electricity  may  be  excited  in  all  bodies.  There  are  no  exceptions  to  this 
fact,  but  electricity  is  developed  in  some  bodies  with  great  ease,  and  in  others 
with  great  difl&culty.  In  no  case,  however,  can  electricity  of  one  kind  be 
excited  without  setting  free  a  corresponding  amount  of  electricity  of  the 
other  kind ;  hence,  when  electricity  is  excited  by  friction,  the  rubber  always 
exhibits  the  one,  and  the  body  nibbed,  the^ther. 

213.  Fundamental  law  of  Electricity.— The  funda- 
mental law  which  governs  the  relation  of  the  two  forces 
of  electricity  to  each  other  may  be  expressed  as  follows  : 

Like  electricities  repel  each  other,  unlike  electricities 
attract  each  other. 


QuKSTiONS. — ^Bj  what  names  do  we  distingnish  the  two  fore<.<8,  or  kinds  of  electricity  f 
Why  is  the  use  of  the  terms  positive  and  negative  unfortunate  f  Can  one  electricity  be 
developed  independently  of  the  other  ?  What  is  the  great  fundamental  law  of  eleetridty  \ 
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Thna,  if  two  substances  are  charged  with  positive  electricity,  they  repeJ 
each  other;  two  substances  charged  with  negative  electricity  also  repel  each 
other ;  but  if  one  is  charged  with  positive  and  the  other  with  negative  elec^ 
tricity,  they  attract  each  other. 

The  attraction  which  the  two  opposite  electricities  have  for  each  other  is 
very  great,  and  their  tendency  is,  therefore,  constantly  to  combine  together. 
From  such  combination  latent,  or  quiescent  electricity  results. 

214.  Electrified  and  Non-Electrified  Bodies.— When  a 
Ixxly  holds  its  own  natural  quantity  of  electricity  undis- 
turbed, it  is  said  to  be  non-electrified. 

When  an  electrified  body  touches  one  that  is  non-elec- 
trified, the  electricity  contained  in  the  former  is  trans- 
ferred in  part  to  the  latter. 

Thus,  on  touching  the  end  of  a  suspended  silk  thread  with  a  piece  of  ex- 
dted  wax  or  glass,  electricity  will  pass  from  the  wax  or  glass  into  the  sUk, 
and  render  it  electrified ;  and  the  silk  will  exhibit  the  effects  of  the  electricity 
imparted  to  it,  by  moving  toward  any  object  that  may  be  placed  near  it. 

215.  Conductors  and  Non-Gondnctors. — Bodies  di£fer 
greatly  in  the  freedom  with  which  they  allow  electricity 
to  pass  over  or  through  them.  Those  substances  which 
facilitate  its  passage  are  called  conductors  ;  those  that  re- 
tard, or  almost  prevent  it,  are  called  non-conductors. 

No  substance  can  entirely  prevent  the  {yassage  of  electricity,  nor  is  there 
any  which  does  not  oppose  some  resistance  to  its  passage. 

Of  all  bodies,  the  metals  are  the  most  perfect  conductors  of  electricity ; 
chaTcoal,  the  earth,  water,  moist  air,  most  liquids,  except  oils,  and  the  human 
body,  are  also  good'  conductors  of  electricity. 

Gum  shellac  and  gutta  percha  are  the*  most  perfect  non-conductors  of  elec- 
tricity; sulphur,  sealing-wax,  resin,  and  all  resinous  bodies,  glass,  silk, 
feathers,  hair,  dry  wool,  dry  air,  and  baked  wood,  are  also  non-conductors. 

Electricity  always  passes  by  preference  over  the  best  conductors. 

216.  Insulation. — When  a  conductor  of  electricity  is 
surrounded  on  all  sides  by  non-conducting  substances,  it 
is  said  to  be  insulated  ;  and  the  non-conducting  substances 
which  surround  it  are  called  insulators. 

When  a  conducting  body  is  insulated,  it  retains  upon  its  surface  the  elec- 
tricity communicated  to  it,  and  in  this  condition  it  is  said  to  be  charged  with 
electricity. 

QuKsnoKB. — IIloBtntte  it  When  is  a  body  said  to  be  electrified,  and  when  non-electri' 
fied?  What  are  condacton  and  non-oonducton  of  eleetricity  ?  What  substances  are 
food  oendttetors?  What  are  bad  condttctoni  ?  When  is  a  conductor  said  to  be  insulated  f 
Wh«n  chained  f 
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217.  Tcloeity  of  Bleetrtelty.— The  velocity  with  which 
tho  iDfluence  of  electricity  passes  through  good  conduc- 
tors is  so  great,  that  the  most  rapid  motion  produced  by 
art  appears  to  be  actual  rest  when  compared  to  it.  Some 
authorities  have  estimated  that  frictional  electricity  will 
pass  through  copper  wire  at  the  rate  of  288^000  miles  in 
a  second  of  time — a  velocity  greater  than  that  of  light. 
The  results  obtained^  however,  by  the  United  States  Coast 
Survey,  with  galvanic  electricity  and  iron  wire,  show  a 
velocity  of  from  15,000  to  20,000  miles  per  second. 

The  terms  "  electric  fluid"  and  "  electric  current,"  which  are  frequently  em- 
ployed in  describing  electrical  phenomena^  am  calculated  to  mislead  the  stu- 
dent into  the  supposition  that  electricity  is  known  to  be  a  fluid,  and  that  it 
Sows  in  a  rapid  stream  along  a  conductor.  Such  terms^  it  should  be  un- 
derstood, are  founded  merely  on  an  assumed  analogy  between  the  electric 
force  and  a  fluid  substance.  The  nature  of  that  force,  however,  is  unknown, 
And  whether  its  transmission  be  in  the  form  of  a  current,  or  by  vibrational  is 
ondetermined.* 

218.  GalTanie,  or  Toltaie  Eleetrieity.— Electricity  ex- 
cited or  produced  by  the  chemical  action  of  two  or  more 
dissimilar  substances  upon  each  other,  is  termed  Galvanic, 
or  Voltaic  Electricity,  and  the  department  of  physical 
science  which  treats  of  this  form  of  electrical  disturbance 
li  called  Galvanism. 

The  most  simple  method  of  illustrating  the  produotlon  of  galvanic  electricity 
is  by  placing  a  piece  of  silver  (as  a  coin)  on  the  tongue,  and  a  piece  of  zino 
underneath.  So  long  as  the  two  metals  are  kept  asunder  no  effect  will  be 
nocloed,  but  when  their  ends  are  brought  together  a  distinct  thrill  will  pass 
through  the  tongue,  a  metallic  taste  will  diffuse  itseli^  and,  if  the  eyes  are 
dosed,  a  S3nsation  of  lig^t  will  be  evident  at  the  same  moment 

This  result  is  owing  to  a  chemical  action  which  is  developed  the  moment 


*  In  •  diflcanion  wbleh  took  place  iome  yean  sinoe  at  a  meeting  of  the  British  Aaaoda- 
tion  for  the  Adyanoement  of  Science,  respecting  the  nature  of  electricity,  Professor  Fara- 
day  expressed  his  opii^on  as  follows:—**  There  was  a  time  when  I  thought  I  knew  some- 
thing about  the  matter;  but  the  longer  I  lire,  and  the  more  carefully  I  study  the  sul^ect^ 
the  more  conyiuced  I  am  of  my  total  ignorance  of  the  nature  of  electricity.** 

"  After  such  an  arowal  as  this,**  says  Mr.  Bakewell,  "  from  the  most  eminent  eleetrieian 
of  the  age,  it  is  almost  useless  to  say  that  any  terms  which  seem  to  designate  ihe  form  of 
electricity  are  merely  to  be  considered  as  conrenient  conrentional  expressions.** 

-  -  n  ■  ■  .1  *  -  -    - 

QuBSTioira. — ^What  is  the  velocity  of  electricity  f  What  is  understood  by  the  use  of  ths 
word  enrrent,  as  applied  to  eleetridty ?  What  is  galvanic,  or  voltaie  electricity?  What 
is  the  most  simple  method  of  iUnstrating'its  production  ?    To  what  is  this  result  owing  f 
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(he  two  metab  toncfa  each  otber.  The  BoHra  of  tbe  tongue  tula  chemicallj 
upon,  or  itxTdizesaporliQaofthezinc,  which  excites  e1ectrici^,fiiriiochMi- 
ical  BCtioa  ever  takes  place  without  producing  e|ectiici^.  TTpoQ  bringing 
the  eada  of  the  two  metals  together,  a  Blight  current  passes  frcun  one  to  thu 

219.  DiseoTtry  of  GbItibIc  Eleetrltilyr^The  produc- 
tion of  electricity  by  the  chemical  action  of  two  metals 
when  brought  in  contact,  wae  first  noticed  by  G-alvani, 
A  profcBBor  of  aDatomy  at  Bologna,  Italy,  in  1790. 

His  atteaUon  was  directed  to  the  subject  in  the  following  muiner: — Hay- 
ing occasioD  to  dissect  sereral  bogs,  be  hung  up  their  hind  legs  oo  some  cop- 
per hooks,  until  ho  might  Bnd  it  Decesaarj  to  use  theni  fbr  illuatratioD.  In 
Uiis  manner  he  b^pened  b>  suspend  a  aamber  of  the  copper  hooks  od  an 
inm  baJconjf  when,  to  his  great  astonishment,  the  limbs  wero  thrown  iuto 
Tii4eat  convnlsioDS.  On  inrestigafoig  the  phenomenon,  he  ibuad  that  the 
mere  contact  of  dissmUar  metals  with  the  moist  sur&ces  of  the  lousdcs  and 
nerres,  was  oU  that  wae  necessary  to  produce  the  oonrulwina. 


This  Bingolor  action  of  electridty,  first  noticed  by  Oolvani,  may  be  eiperi- 
meutally  exhitnted  without  difficulty.  Fig.  61  represents  the  extremities  of 
a  &og,  with  tlie  upper  part  dissected  in  such  a  way  as  to  exhibit  the  ncryea 
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of  the  legs,  and  a  portion  of  tiie  spinal  marrow.  If  we  now  take  two  thin 
pieces  of  copper  and  zinc^  G  Z,  and  place  one  under  the  neryes,  and  the  other 
in  contact  with  the  musdes  of  the  leg,  we  shall  find  that  so  long  as  the  two 
pieces  of  metal  are  separated,  so  long  will  the  limbs  remain  motionless ;  but 
by  making  a  connection,  instantly  the  whole  lower  extremities  will  be  thrown 
into  violent  convtilSions,  qaiyering  and  stretching  themselves  in  a  manner 
too  singular  to  describe.  If  the  wire  is  kept  closely  in  contact,  these  phen- 
omena are  of  momentary  duration,  but  are  renewed  every  time  the  contact  is 

made  and  broken. 

Galvani  attributed*  these  movements  of  the  muscles  to  a  kind  of  fiervouB 
fluid  pervading  the  animal  system,  similar  to  the  electric  fluid,  which  passed 
from  the  nerves  to  the  muscles,  as  soon  as  the  two  were  brought  in  commu- 
nication with  each  other,  by  means  of  the  metallic  connection.  He  therefore 
called  the  supposed  fluid  animal  electricity. 

220.  The  Voltaic  Pile. — ^The  experiments  of  Qalvani  were  re- 
peated by  Yolta,  an  eminent  Italian  philosopher,  who  found  that  no  electrical 
or  nervous  excitement  txxk  pliAce  unless  a  communication  between  the  musdcs 
and  the  nerves  was  made  by  two  diflTerent  metals,  as  copper  and  inm,  or 
copper  and  zinc.  He  also  observed  that  all  the  effects  noticed  could  be  pro- 
duced in  a  much  higher  degree  by  using  a  number  of  pieces  of  difierent 
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metals  and  a  fluid,  or  a  substance  moistened  with 
a  fluid.  He  accordingly  arranged  a  series  of  cop- 
per and  zinc  plates  in  a  pile  with  dotbs  wet  in  a 
saline  or  acid  liquid  between  them,  as  is  repre- 
sented in  Fig.  62.  The  series  commenced  with*  a 
zinc  plate,  upon  which  was  placed  a  copper  plate 
of  the  same  size,  and  on  that  a  circular  piece  of 
cloth  previously  soaked  in  water  slightly  acidu- 
lated. On  the  cloth  was  laid  another  plate  of 
zinc,  then  copper,  and  again  cloth,  and  so  on  in 
succession,  until  a  pile  of  fifty  series  of  alternate 
metal  plates  and  moistened  cloths  was  formed,  the 
terminal  plate  of  the  series  at  one  end  being  cop- 
per and  at  the  other  end  zinc.  Such  an  apparatus 
received  the  name  of  a  "  VolUiic  PiU,"  and  its  ef- 
fects were  soon  seen  to  be  of  an  electrical  char^ 
acter. 

For  instance,  if  the  two  ends  or  termmal  plates  of  the  pile  were  touched, 
one  with  each  hand  previously  moistened,  a  sensation  similar  to  that  of  an 
electric  shock  was  experienced.  If  the  two  ends  were  connected  by  means 
of  metalUc  wires,  sparks  could  be  obtained,  shocks  communicated,  and  many 
other  electrical  effects  produced. 


Qttbstiowb.— To  what  did  Galvani  attribute  the  resalts  by  him  noticed  ?  What  condu- 
Bion  waa  arrived  at  by  Volta?  What  dlseovery  did  Volla  make  i  Describe  the  Toltaio 
Idle. 


f 
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221.  Results  of  Oalvani'g  and  Volta's  Discov oriei.-— 

Sach  is  an  outline  of  one  of  the  greatest  and  most  remarkable  disooveries  of 
modem  times — a  ^[isoovery  which  illustrates  in  a  striking  manner  the  im- 
portance of  cultivating  correct  habits  of  observation,  and  of  rightly  estimatiDg 
the  relations  which  exist  between  a  cause  and  its  effect  The  attention  be- 
stowed by  Galvani  on  the  simple  circumstance  of  the  twitching  of  a  fix)g's 
logs  in  1790,  led  to  the  discovery  of  the  voltaic  pile  in  1800,  a  modification  of 
which  constitutes  the  present  galvanic  battery.  Since  the  last  named  period 
the  progress  of  discovery  has  been  most  rapid,  embracing  the  whole  scicnco 
of  electro-magnetism,  electro-metallurgy,  the  application  of  electricity  to 
chemical  analysis,  to  the  production  of  intense  boat  and  light,  to  the  rocordmg 
of  time,  to  the  determination  of  longitudes,  and  finally,  to  the  almost  instan- 
taneous communication  of  intelligence  by  means  of  the  telegraph. 

Yolta  considered  that  electricity  was  produced  by  simple  contact  of  dis- 
amilar  metals,  positive  electricity  being  evolved  from  the  one,  and  negative 
from  the  other.  It  is  now  generally  believed  that  chemical  action,  taking 
place  between  the  sur&ces  in  contact,  is  the  sole  cause  of  exciting  and  con- 
tinuing the  electric  currents. 

222.  Fnndamental  Prineipleof  OalvanioEIectrieity. — 
The  fundamental  principle  which  forms  the  basis  of  the 
science  of  galvanic  electricity  is  as  follows  : 

Any  two  metals,  or  more  generally,  any  two  different 
bodies  which  are  conductors  of  electricity,  when  placed  in 
contact,  develop  electricity  by  chemical  action — positive 
electricity  flowing  from  the  body  which  is  acted  upon  most 
powerfully,  and  negative  electricity  from  the  other. 

223.  Eleetro-positive  and  Negative  Elements.— In  gen- 
eral, that  substafnce  which  is  acted  upon  most  easily  is 
termed  the  electro-positive  element ;  and  the  other  the 
electro-negative  element. 

The  electrical  force  or  power  generated  in  this  way  is 
called  the  electro-motive  force. 

Different  bodies  placed  in  contact  manifest  different 
electro-motive  forces,  or  develop  different  quantities  of 
electricity. 

Bodies  capable  of  developing  electricity  by  contact  may  be  arranged  in  a 

Qnx8TioN& — WtuA  have  been  the  resultB  of  GalTani*s  and  V  lta*s  dlsooTerles  ?    What 
did  Voita  suppose  to  be  the  origin  of  the  -electricity  of  the  pile  ?    What  is  now  beliered  on  • 
this  snbject?    What  is  the  ftindaniental  prinidple  of  galvanic  electricity?    What  are  elnc- 
tro-poritive  and  elftetro-nemtive  elements  f    What  is  understood  by  the  term  eleotr»- 
motlTe  force  ?    How  may  bodies  capable  of  exciting  electro-motiye  force  be  ^classed  f 
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.  nrio)  in  such  a  mantieT  that  anj  ona  plaoed  in  contact  with  aooihcr  bolding 
a  lower  place  in  the  serieB,  will  receiva  the  positive  fluid,  and  the  lower  one 
tha  nega'ire  Quid ;  and  the  more  remote  tbef  aland  from  eodn  other  in  the 
order  of  tha  series  tha  mora  dacidadly  will  the  eleotrid^  be  developed  bj 

Tfaa  most  common  mliEtances  used  for  exciting  galvanic  electricity  mvy  b* 
arranged  in  snch  a  series  aa  Ibllows ; — ^c,  lead,  tin,  aatimon^,  iroii,  brasi^ 
coppCT,  ^Iver,  gold,  platiDua,  black  le&d  or  grafUte^  and  charcoal 

Thus,  zinc  and  lead,  when  brouf^t  in  contact,  will  produce  electrid^,  but 
It  will  be  much  len  active  tban  that  produced  b;  the  union  of  xinc  and. iron, 
or  tbe  same  metal  and  copper,  and  the  last  less  active  than  zinc  and  platinum 
or  aac  and  cbarcooL 

234.  Zamboni'i   Pile . — According  to  the  principles  above  erplained, 
a  perlectif  dry  pile,  known  from  ita  inventor  as  Zamboni's  piles  may  be  coo- 
Btructed  of  sheeta  of  gilded  paper  and  sheet  Eiqf^     K 
Fio.  63.  aeveral  thousand  of  these  Ixi  packed  together  in  a 

glass  tube,  so  that  their  ^milar  metallic  laces  shall  all 
look  the  soma  vaj,  and  be  pressed  tightly  together 
at  each  end  by  metallic  plates,  it  will  be  found  that 
one  extremity  of  the  pile  is  positive  and  tho  other 
nf^tiva.  Such  a  scries  will  last  more  tlian  twenty 
yeata,  but  it  requires  as  many  as  10,000  pairs  to  af- 
fbrd  aparks  visible  in  daylight 

Fig.  63  rcprcBCDts  a  p^  of  these  ]h1gs,  bo  arranged 
aa  to  produce  what  baa  been  called  a  perpetual  rocy- 
lion.    Two  piles,  P  N,  are  placed  in  such  a  position 
that  the  pcative  extremi^  of  one  pile  is  opposite  and 
near  to  the  negative  extremity  of  the  other.    Be- 
tween them  a  light  pendulum  is  placed,  vibrating  on 
an  axis  and  insulated  on  a  glass  pillar.     This  pen- 
dulum ia  alternately  attracted  to  oua  and  then  to  tha 
other,  and  thus  rings  two  little  bells  counected  with 
the  poaitive  and  negative  poles. 
In  a  similar  mwiner,  voltaic  piles  have  been  constructed  entirely  of  vege- 
table substances,  without  resorting  to  the  use  of  any  metal,  by  pladng  discs 
of  Iwet-root  and  walnut-wood  in  ooutaot     With  such  a  pile,  and  a  leaf  of 
gras  as  a  conductor,  convuMons  in  the  muscles  of  a  dead  fri^  are  said  to 
have  been  produced.     Other  exporimentaJists  have  fbrmed  voltaic  pOea  whcdly 
oT  animal  substances. 

225.  Practical  FrodDCtioii  of  GnlTBQie  Elcetricitf. — la 

the  production   of  galvanic  electricity  for  practical  pur- 
poses, it  is  necessary  to  have  a  combination  of  three  dif- 

Qsaricnx — Dciertbo  tbe  dry,  or  Zunbonri  pile.  ilt,j  a  volWio  pOt  l»  prodiiead  an- 
nrelj  arngelible  orinlinti]  iDbMuuna?    What  unngamml  li  nescuuT  Ibr  thapnoO- 
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ferent  conductors,  or  elements,  one  of  which  mnst  be 
solid  and  one  fluid,  vAiile  the  third  may  be  either  solid  ot 
fluid. 

The  proccsa  usually  adopted  is  to  place  between  two  plates  of  diSbrent 
kmda  of  metal  a  liquid  c^iable  of  exciting  some  chemical  action  on  dob  of  the 
platcfl,  while  it  haa  no  action,  or  a  di&rent  action  upon  the  other.  A  com- 
munication ia  then  fbnncd  between  the  two  plates. 

226.  e»lTt»i(  Cireeit.— When  two  metals  capable  of 
exciting  electricity  are  so  arranged  and  connected  that  tte 
positive  and  negative  electricities  can  meet  and  flow  in 
opposite  directions,  they  are  said  to  form  a  galvanic  cir- 
cuit, or  circle.  8uch  an  arrangement  is  very  generally 
terml^d,  also,  a  simple  galranic  battery. 

A  very  sunple,  and  at  the  same  time  p,„  .  j 

an  active  galvanic  ciicnit  may  bo  formed 
by  an  airrmgement  as  represented  ia 
fig.  G4.  0  and  Z  are  thin  plates  of 
copper  and  zinc  immeracd  in  a  glass 
vessel  containing  a  very  weak  solution 

of  sulphuric  acid  and  water.    So  loog   i  I 

as  the  two  mctala  do  not  touch  each  T  I 

other,  there  will  be  but  slight  chemical  H 
action,   and  consequently  little   or  no 
electridty  evolved ;  but  on  bringing  the 
ttC'o  ends  of  tho  metal  strips  t^^tber,  or 
by  causing  metallic  contact  by  a  con.. 

nection  of  wires,  X  and  W,  a  galvanie  ^ mm 

circuit  wilt  be   formed,   positive  elec- 
tricity passing  tVom  tlie  zinc  through  the  liquid  to  the  copper,  and  ttom  the 
copper  along  the  conducting  wires  to  the  zinc,  as  indicated  by  the  arrows  in 
the  figure.     A  currunt  of  negative  electricity  at  the  same  time  travetsee  tbe 
circuit  also,  from  t!ie  copper  to  tho  zinc,  in  an  opposite  direction. 

227.  Theory  of  a  Simple  Clrouil  — In  the  formation  of  a  gal- 
vanic circuit,  by  tho  employment  of  two  motaU  and  a  liquid,  the  chemicBl  ao- 
t'oQ  which  gives  rise  to  the  electricity  takes  place  through  a  decompOfdtlCQ 
of  tho  hquiil. 

When  a  plate  of  zinc  and  one  of  copper  are  immersed  in  water  acidulated  with 
sulphuric  acid,  the  elements  of  the  water,  OT^en  and  hydrogen,  are  separated 
fniDi  each  other,  in  cooaeqnence  of  the  greater  atUactioQ  which  the  oxygen 
has  for  the  zinc     The  oxygen,  therelbre,  unites  with  the  ^nc,  and  by  so  doing 

QnnmaHB.— Wbit  la  m  gmlTanIc  circuit,  of  ilmple  E^lvule  bitter^  T    DchAw  the  «n. 
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excites,  or  develops  electricity  in  the  metaL  But  as  0119  kind  of  electricity 
can  not  be  evolved  without  bringing  an  eqnal  quantity  of  the  other  into  ac- 
tivity, the  act  which  develops  negative  electricity  in  the  metal,  instantaneously 
develops  positive  electricity  in  the  liquid.  It  would  naturally  be  supposed^ 
t*iat  as  the  two  opposite  electricities  have  a  strong  attraction  fbr  each  other, 
t'lat  they  would  again  unite,  and  restore  the  equUibrium ;  such,  however, 
f.x>in  some  unexplained  reason,  is  not  the  case ;  but  the  electrical  and  chem- 
ical changes  are  so  connected,  that  unless  the  equilibrium  is  restored,  the 
action  between  the  metal  and  the  liquid  will  stop  as  soon  as  a  certain  quan- 
tity of  electricity  has  accumulated.  If,  under  these  circumataftces,  the  copper 
plate  which  is  immersed  in  the  liquid,  but  not  acted  upon  by  it,  be  brought 
in  contact  with  the  zinc,  it  will  serve  as  a  conductor,  and  will  convey  tlie 
positive  electricity  accumulated'  in  the  liquid  to  the  zinc,  restore  the  equili- 
brium of  the  two  electricities,  and  cause  the  action  between  the  liquid  and  the 
zinc  to  recommence.  With  the  commencement  of  the  flow  of  positive  elec- 
tricity from  the  liquid  to  the  copper,  and  from  the  coppef  to  the  zinc,  a  cur- 
rent of  negative  electricity  will  tend  to  flow  in  the  opposite  direction,  or  from 
the  zinc  to  the  copper,  and  fit)m  the  copper  to  the  liquid.* 

228.  Direction  of  tiie  Corrcnt.— Id  all  cases,  the  direc- 
tion of  the  current  is  dependent  on  the  direction  of  the 
chemical  action. 

The  positive  electricity  always  sets  out  from  the  metal  most  acted  upon  by 
the  exciting  liquid,  which  may  be,  therefore,  called  the  generating  or  posi- 
tive platQ.  It  traverses  the  liquid  toward  the  leas  affected  metal,  which  forms 
the  negative,  or  conducting  plate,  and  from  tliis  the  force  is  transferred  to  the 
wire,  or  other  conducting  medium,  between  the  two  plates ;  thence  it  passes 
back  again  to  the  generating  plate.  In  this  way  the  circuit  is  completed,  and 
imless  this  circulation  can  take  place,  all  the  phenomena  of  galvanic  action 
will  be  suspended. 

The  electrical  condition  of  the  plates  of  copper  and  zinc  as  above  described, 
it  should  be  understood,  applies  only  to  those  portions  of  tlie  two  metals 
which  are  immersed  in  the  liquid.  Those  parts  which  are  out  of  the  liquid, 
and  in  the  air,  are  in  an  exactly  opposite  condition.  Thus  the  end  of  the  zinc 
in  the  acid  is  -f~i  or  positive,  while  that  in  the  air  is  — ^  or  negative.  The 
electrical  state  of  the  two  ends  of  the  copper  is  exactly  the  reverse. 

li^  in  the  arrangement  above  described,  some  liquid  which  acts  upon  the 
copper  in  preference  to  the  zinc,  as  ammonia,  had  been  used,  the  electrical 


*  In  every  roltaio  enrrent  it  is  assamed  that  a  quantity  of  negative  electricity,  eqnal  te 
that  of  the  positive  set  in  motion,  is  proceeding  along  the  conducting  medium  in  a  direc- 
tion opposite  to  that  in  which  the  positive  electricity  is  traveling ;  hnt  in  order  to  avoid 
confusion,  whenever  the  direction  of  the  current  is  mentioned,  the  direction  of  the  posi- 
tive electricity  is  alone  referred  to. 

QOBnfoim.«-What  Influences  the  direction  of  Um  eorrwit  t  What  determines  the  eleo- 
trioal  conditioa  of  the  immersed  metals  ? 
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condition  of  the  two  metala.  and  the  direction  of  the  flow  of  electiiGity,  would 
(lave  been  reversed. 

Although  two  metal  plates  are  usually  employed  in  a  simple  galvanic 
<drciiit,  only  one  of  them  is  active  in  the  excitement  of  electricity,  the  other 
plate  serving  merely  as  a  conductor  to  collect  the  force  generated.  A  metal 
plate'  Is  generally  used  for  this  purpose,  because  metala  conduct  electricity 
much  better  than  other  substances  exposing  an  equal  sur£ice  to  the  fluids 
in  which  they  are  immersed ;  but  other  conductors  may  be  used,  and  when 
a  proportionately  larger  surface  is  exposed  to  comnensate  for  inferior  con- 
ducting power,  they  answer  as  well,  and  in  some  instances  better,  than  metal 
platea  Thus  charcoal  is  very  often  employed  in  the  place  of  copper,  and  a 
very  hard  material  obtained  from  the  interior  of  gas  retorts,  ''gas- carbon," 
is  considered  one  of  the  best  conductors. 

Two.  metals  are  not  absolutely  essential  to  the  formation  of  a  simple  gal* 
vanic  current  A  current  may  be  obtained  from  one  metal  and  two  liquids, 
provided  the  liquids  are  such  that  a  stronger  chemical  action  takes  place  on 
one  side  of  the  metal  plate  than  on  the  other. 

229.  Poles  of  a  Galvanic  Battery.— The  two  metals 
forming  the  elements  of  the  battery  are  generally  connected 
by  copper  wires  ;  the  ends  of  these  wires,  or  the  lerminal 
points  of  any  other  connecting  medium  used,  are  called 
the  poles  of  the  battery. 

Thus,  when  ssinc  and  copper  plates  are  used,  the  end  of  the  wire  conveying 
positive  electricity  from  the  copper  would  be  the  positive  pole,  and  the  end  of 
the  wire  convoying  negative  electricity  ^m  the  zinc  plate  would  be  the 
negative  pole.  Faraday  describes  the  poles  of  the  battery  as  the  doors  by 
which  electricity  enters  into  or  passes  out  of  the  substance  suffering  deoom- 
poffltion,  and  in  accordance  with  this  view  he  has  given  to  the  positive  polo 
the  name  of  anode^  or  ascending  way,  and  to  the  negative  pole  the  name  of 
cathodCj  or  descending  way. 

The  manifestations  of  electricity  will  be  most  appa- 
rent at  that  point  of  the  circuit  where  the  two  currents 
of  positive  and  negative  electricity  meet. 

When  the  two  wires  connecting  the  metal  plates  of  a  battery  are  brought 
in  contact,  the  galvanic  circuit  is  said  to  be  dosed.  No  sign  of  electrical  ex« 
dtement  is  then  visible;  the  action,  nevertheless,  continues.  The  opposite 
electricities  collected  at  the  poles,  in  particular,  neutralize  each  other  perfectly 
on  meeting ;  every  trace  of  electridty  must  therefore  vanish  if  a  fresh  quan- 
tity were  not  continually  produced  by  the  continuance  of  the  chemical  action. 

Questions. — Whatistheneeesrity  of  two  metals  in  a  galvanic  circuit?  ITnderwIiat 
eircamstaBoes  can  some  other  sabstance  be  sabstitnted  in  place  of  the  eoj^r?  What 
are  the  poles  of  a  galranio  battery  ?  What  is  the  meaning  of  the  terms  anode  and 
sathode  t  At  what  point  of  a  galvanic  dreait  wHl  the  manifestation  of  electricity  bs  most 
apparent  1    When  is  the  galvanic  circuit  said  to  be  closed  f 
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230.  Gomponnd  Cirenit. — The  electricity  developed  by 
a  simple  galvanic  circuit,  whether  it  be  composed  of  two 
metals  and  a  liquid,  or  any  other  combination,  is  exceed- 
ingly feeble.  Its  power  can,  however,  be  increased  to  any 
extent  by  a  repetition  of  the  simple  combinations. 

The  disoovery  of  this  fitct  was  first  made  by  Yolta^  and  applied  by  him  in 
the  Yohsttc  pile  before  described. 

Fig.  66. 


Fig:  66  represents,  in  its  simplest  form,  tiie  construction  of  a  compound 
galvanic  circuit,  by  the  union  of  a  number  of  simple  circuits.  Each  glass 
contains  one  zinc  and  one  copper  plate,  which  are  not  immediately  connected 
together  as  in  a  simple  circuit ;  but  every  zinc  plate  is  connected  with  the 
copper  plate  of  the  preceding  glass  by  a  copper  wire  or  band.  In  the  figure, 
the  copper  plate  and  the  direction  of  the  positive  current  is  represented  by  the 
sign  -f-,  and  the  zinc  plate  and  the  negative  current  by  the  sign  — , 

In  a  compound  galvanic  circuit,  like  the  one  represented  in  Fig.  65,  the 
positive  electricity  which  the  fluid  in  the  first  vessel  acquires  fh>m  the  plate 
of  zinc  exposed  to  its  action,  is  taken  up  by  the  copper  plate  and  transferred 
to  the  second  zinc  plate  in  the  second  vessel,  by  means  of  its  metallic  con- 
nection. This  transmits  it,  together  with  what  itself  generates,  to  the  liquid 
of  the  second  vessel  From  this  the  double  force  is  passed  to  the  next  ccip> 
per,  and  by  it  to  the  third  zinc,  which  it  touches,  and  so  on,  every  succeeding 
alternation  being  productive  of  a  further  increase  in  the  quantity  of  the  elec- 
tricity developed.  A  current  of  negative  electricity  may  in  like  manner  h^ 
supposed  to  flow  in  an  opposite  direction,  its  quantity  augmenting  with  eacl^ 
successive  pair  of  plates.  This  action,  however,  would  stop  unless  an  outlet 
were  given  to  the  accumulated  electricity  by  establishing  a  communicatioq 
between  the  positive  and  negative  poles  of  the  battery,  by  means  of  wire^ 
attached  to  the  extreme  plate  at  each  end.  When  these  are  brought  into 
contact,  the  galvanic  circuit  is  completed,  and  the  electricities  meet  and  neu- 
tralize each  other,  producing  the  various  electrical  phenomena.  The  electria 
current  continues  to  flow  uninterruptedly  in  the  circuit  so  long  as  tho  chemi 
ical  action  laata 


QunnoHB. — ^What  is  the  eleetrical  power  of  «  simple  drealt  f  How  may  it  be  inercftied  f 
Deieribe  the  eonetraotion  of  a  oomponnd  drcuit  f  In  what  mumst  d«ee  it  aeooniiUmi 
eleetridtf? 
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Tho  dmple  and  compound  voltaic  citcoita  in  practical  use,  vbich  In  oidi? 
Baiy  langnaga  an  both  doB^nated  aa  galvanic  bBttflries,  diS^r  considerablj 
Id  form  an<l  efSoiency.  The  general  principle  of  cODStructian  ia  aJl,  however, 
ia  tliD  aaiuQ  as  that  of  tlie  original  voltaic  pile. 

23L  The  Trough  Battery. —Onecf  Uio  aarllest  foima  oontrived 
ia  known  aa  the  Trough  Battel?,  represented  in  Fig.  6S,  It  oonaiats  of  a 
troi^  of  wood  divided  into  water-  Fis.  66, 

tight  cells,   or  partitions,  each   cell 
brang  arranged  lo  receive  a  pair  of 
zioo  and  copper  plates. 
ar«  attacQied  to  a  bar  of  wood,  and 
connected  witli  one  another  bj  me- 
tallic wire^  in  such  a  way  that  every 
copper  plate  is  connected  with  the 
line  ptite  of  the  nest  celL    The  bat- 
tery i3  excited  by  mean 
Biilpburic  acid -poured  into  tlie  cells,  ^^ 
and  tho 'current  of  electri 
rectod  by  wires  soldered  6 

treme  plates.     When  the  battery  is  not  in  use  the  plates  may  b 
from  the  trough  by  means  of  tlie  wooden  bar 

The  battery  by  which  ^  Humphrey  Davy  eficcted  bts  splendid  chemical 
discoveries  was  of  this  form,  and  consisted  of  two  thousand  double  plates  of 
copper  and  zinc,  each  plate  having  a  surfoco  of  thirty-two  square  inchea. 
Now,  however,  by  improved  arrangements,  we  can  produoa  with  ten  or 
twenty  pairs  of  plates,  effects  every  way  superior.  * 

233.  Smee's  Battery.— The  most  cfisily  managed  f  iq.  eT. 
firm  of  galvanic  battery  at  present  used  ia  that  invented  by 
Ur.  Smee,  and  known  as  Smee's  battery.  (See  Fig.  GT.)  It 
consists  of  a  plate  of  ^ver  coated  with  platinum,  suEpendcd 
between  two  plates  cf  zinc,  z  i,  the  Bur&ces  of  which  lust  have 
been  coated  with  mercury,  or  amalgamated,  as  it  is  called. 
The  three  are  attached  to  a  wooden  bar,  which  series  to  sup- 
port the  whole  in  a  tumbler,  G,  partially  fllled  with  a  week 
solu^on  of  sulphuric  acid  and  water.  The  wires,  or  polea  for 
directing  tho  current  of  electricity  are  connected  with  the  zuic 
and  platinum  plates  by  small  screw-eupB,  S  and  A. 

S33.  Amalgamation  of  Zinc  .—The  introduction  of  the  process 
of  amalgamating,  or  coating  tLe  zino  plates  of  a  galvanie  circuit  with  mer- 
cuiy,  eonstitutod  an  improvement  of  great  value.  In  tlie  original  Ibrm  ol 
tho  galvanic  battery,  constructed  of  copper  and  ordinary  metallic  aini^  tho 
waste  of  the  latter  metal  by  the  action  of  the  ezdtii^  acid  upon  it  was  yeiy 
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^reat ;  but  bj  oamg  amalgamftted  zino  this  waste  is  diminished  in  an  extltf 
ordioair  degne,  icithout  at  the  tame  time  ijimioishing  the  production  of 
(Jectridty.    All  improved  batteries  oro,  therefbr^  constructed  with  aataiga- 

234.  Sulphate   of   Copper   Bitterj  r— Another  form  of  bstterj, 

called  the  sulphate  of  copper  b&ttery,  from  the  &ct  that  a  solutiOD  of  sul> 

pbate  of  copper  (blue  Titriol)  is  used  aa  tbe  exdting  liquid,  is  represeiLlcd  bj' 

Fig.  68.     It  consists  of  two  concentric  cjlindcra  of  cop- 

^^'  ^^  per,  C,  tiglitly  soldered  to  a  copper  bottom,  and  a  riiio 

cf  Under,  Z,  fitting  in  between  them.    Two  scrow-cupa 

for  holding  the  connecting  wires  are  attached,  one  to 

the  outer  copper  c/linder,  and  tbe  other  to  the  zinc 

The  principal  ImperTecrtioD  of  the  galvanic  battel?  is 
the  wont  of  unilbnnitj  in  ita  action.  In  all  the  various 
Ibnns,  the  strength  of  tbe  electric  current  exdled  con- 
Btantl;  decreases  from  the  moment  the  battcrj  action 
commences.  In  tbe  sulphate  ot  copper  battery,  espo- 
oiallj,  the  power  la  reduced  in  a  comparately  sHort  time 
to  almost  nothing.  This  is  chiefl}^  owing  to  the  circum- 
■tsnoe,  that  the  metallic  plates  Boon  become  coated  with  the  products  of  the 
chemical  decompositioii,  the  result  of  the  <^emi;^  action  wherebj  the  eleo- 
triiHty  is  developed. 

This  difficulty  is  obviated  in  a  groat  degree  by  the  ubo  of  a  diaphmgm,  or 
a  porous  and  perme^ile  partition  between  tbe  two  metallic  platea,  which  al- 
lows a  free  contact  of  tbe  liquid  on  both  sides  within  ita  pores,  but  preventa 
Uie  «oUd  products  of  the  chemii^  action  from  passing  from  one  metallio  plate 
to  the   other.     Bladder,   leather,    clay,  porco- 
^      ■  lain,  clotJi,  eto^  have  been  uaod  for  this  pur- 

335.  Daniel's  Constaot   Battery, 

constructed  according  lo  the  above  described 
principle^  and  represented  by  F%.  69,  main- 
tains an  eOeotive  galvanic  action  loi^or  than 
any  other.  The  outer  case,  C,  conmsts  of  a 
cell,  or  cylinder  of  copper,  which  ia  so  con- 
structed as  to  retain  Uquids,  and  is  Oiled  with  a 
solution  of  sulphate  of  copper,  B,  acidulated 
with  one  eighth  of  its  bulk  of  sulphuric  add. 
The  solution  ia  kept  saturated  with  the  suit 
by  means  of  crystals  of  sulphate  of  coppa', 
D,  which  rest  upon  tbe  perforated  shel^  P. 
&Q»  center  of  tlie  cell  ia  placed  a  tube  of  porous  earthen-ware,  E,  QUedwilll 


ts. — Describe  ttu  Halphfttfl  ot  oopper  1j&Uory-    What  to  tha  prlncdpiLl  tmperftr- 
[ilnDic  batteiy  t    Ilgir  li  U  obviuted  T    WIaI  !■  Iba  conitrusaiia  af  Duitfi 


BLKCTBICITT.  145 

an  acid  Boktion,  A,  which  con^sta  of  one  part  of  sulphuric  add  diluted  nlUi 
BBven  parts  of  water.  A  rod  of  zinc,  Z,  is  placed  in  this  tube.  On  making  a 
metallic  commiiiiica.tion  between  the  zinc  lod  and  the  copper  cell,  a  voltaia 
cturent  la  establiahed. 

236.  firove'H  Baderr .—One  of  the  most  effident  battcrief)  ia  that 
kuowii  as  GroTu'a  batter;,  from  its  inventor,  and  ia  the  form  generaJl;  uaed 
lor  telegraphing,  aad  other  puipOBes  in  which  powerful  galvanic  action  ia  re- 
quired. It  ia  constructed  upon  the  sama  general  principle  aa  Daiuel'a  battery, 
and  couaista  of  a  plain  glasa  tumbler,  in  which  is  placed  a  cylinder  of  amid- 
gamated  zinc,  with  an  opening  on  one  side  to  albw  a  free  droulation  of  Uio 
liquid.  Within  this  cylinder  ia  placed  a  poroua  cup,  or  celt  of  earthenware, 
in  which  ia  suspended  a.  strip  of  platinum  &atened  to  the  end  oT  a  tine  ami 
projecting  from  the  adjoining  mnc  i^tinder.  The  porous  cup  containing  tbo 
platinum  is  filled  with  stroog  nitric  acid,  and  the  outer  vessel  contuning  tha 

rinc  with  weak  sulphuric  actd.     ITg.  TO  representa  a  aeries  of  these  cupa, 

arranged  to  form  a  compound  dr- 

cuit,  with  their  terminal  poles,  P  ^^''-  """ 

and  Z.     This  form  of  battery  la 

ohjectiooable  on  account  of  the 

corrouve  character  of  the  acids 

employed,  and  the  deleterious  va- 

pora  that  arise  from  it  whon  i 

la  what  is  knowu  as  Bunsen' 
Carbon   Battery,   a    cylinder    of 
carbon    Is    substituted,    on 
ground  of  economy,  in  place  of  H 
the  platinum  plates  of  Grove's  battery. 

23T.  BetUtanuea  to  the  Circniatlon  of  the  CalviDlo 
Current  .—The  amount  of  force  or  of  electridty  which  circulates  in  a  gnl- 
ranic  circoit  does  not  depend  wholly  upon  (ho  enei^  of  tho  chemical  action 
which  is  exerted  between  the  generating  metal  and  the  exciting  liquid. 
"The  current  experiences  a  retardation  or  resigtance  from  the  very  conduc- 
tors by  which  its  influence  is  transmitted ;  just  as  in  the  transmission  of 
mechanical  force  in  an  arrangement  of  macliinerj-,  the  intervention  of  tho 
pivots  and  lovers  which  are  required  for  its  oonveyanee  introduces  ad- 
ditional friction  and  additional  weight,  which  are  required  to  be  ovcrcomo 
or  moved,  and  which  thus  diminish  the  efficient  power  of  the  machine." — i 

MiLLEK. 

The  resistances  of  the  galvanic  current  arise  from  tlie  imperfect  condnet- 
ing  power  of  the  liquid  which  is  employed  to  exdte  it,  and  of  the  plates, 
wfres,  etc.,  the  reaistanco  offered  by  the  liquid  being  the  more  consideiBblo 


Qdebtions. — DeBcrlbe  61 
Id  proportion  to  lh«  chemif 
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of  the  twa  The  ftirther  the  plates  are  removed  from  each  other  in  the  liquid, 
and  the  longer  the  column  of  imperfectly  conducting  matter  which  the  elec- 
trioity  is  obliged  to  traverse^  the  greater  the  resistanoe.  The  same  thing  is 
also  true  of  the  conducting  wire.  A  wire  one  tenth  of  an  inch  in  diameter, 
will  for  equal  lengths  offer  four  times  the  resistance  of  a  wire  two  tenths,  or 
one  fifth  of  an  inch  thick. 

238.  Characteristics  of  Ordinary  and  GaWanic  Elec- 
tricity.— Electricity  in  its  ordinary  manifestations,  as 
when  developed  by  friction  or  by  an  electrical  machine, 
exhibits  itself  in  sudden  and  intermitted  shocks,  accom- 
panied with  a  sort  of  explosion ;  galvanic  electricity,  or 
electricity  produced  by  chemical  action,  is,  on  the  contrary, 
a  steady  flowing  current. 

The  electricity  evolved  by  a  single  galvanic  circle  is 
great  in  quantity,  but  weak  in  intensity. 

The  electricity,  on  the  contrary,  produced  by  friction, 
or  that  of  a  thunder-cloud,  is  small  in  quantity,  but  of 
high  tension,*  or  intensity. 

These  two  qualities  may  be  compared  to  heat  of  different  temperature^  A 
gallon  of  water  at  a  temperature  of  100^  has  a  greater  quantity  of  heat  than 
a  pint  at  200^  ;  but  the  heat  of  the  latter  is  more  intense  than  that  of  the 
former.  Again,  in  the  phosphorescence  of  the  sea>  which  often  spreads  over 
thousands  of  miles,  we  have  an  illustration  of  light  very  feeble  in  intensity, 
but  enormous  in  quantity. 

289.  Quantity  and  Intensity^  how  Measured . — We  meas- 
ure the  quantity  of  electricity  in  many  ways ;  but  most  conveniently  by  the 
amount  of  any  chemical  compound  which  it  can  decompose.  A  machine  or 
battery,  for  example,  wliich,  when  arranged  so  as  to  decompose  water,  evolves 
from  it  four  cubic  inches  of  oxygen  and  hydrogen  in  one  minute,  is  furnishing 
twice  the  quantity  of  electricity  supplied  by  an  apparatus  which  evolves  only 
two  cubic  inches  of  the  gases  in  the  same  time. 

The  intensity  of  electricity  is  less  easily  measured ;  but  it  is  comparatively 
indicated  by  the  ease  with  which  it  can  travel  through  bad  conductors ;  by 


*  "  Tension  Is  merely  a  synonyme  for  intensity,  which  originated  in  the  hjrpotheds  of 
elecMcity  being  an  elastic  fluid,  which  might  be  regarded  as  existing  in  a  thunder-cloud, 
or  on  the  conductor  of  a  friction-machine  in  a  state  of  condensation  or  compression,  lik* 
high-pressure  steam  struggling  to  escape  from  a  boiler,  or  air  seetdng  to  force  its  way  out 
of  the  chamber  of  an  air-gun.  The  word  tension  has  been  preferred  to  intensity,  simply 
•n  account  of  its  brevity,  and  its  convenience  in  forming  a  double  nouu  with  electricity. 


Ottestiowb. — What  are  the  characteristie  differences  between  galvanic  and  ordinary 
electricity?  To  what  may  quantity  and  intensity  be  compared?  Uow  are  ther:a  two 
qualities  measured?    What  is  understood  by  the  term  tension  ? 
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its  power  to  overcomd  energetic  chemical  affinity,  such  as  that  which  binds 
together  the  elements  of  water ;  by  the  length  of  space  across  which  it  can 
pass  throogh  dry  air  (as  in  the  case  of  a  lightning  flash  striking  a  tree  from  & 
great  distance);  by  the  attractions  and  repulsions  it  produces  in  light  bodies; 
and  by  the  severity  of  the  shock  it  occasions  to  living  animals. 

Galvanic  electricity  will  traverse  a  circuit  of  2,000  miles  of  wire,  rather 
than  make  a  short  circuit  by  overleaping  a  space  of  re^sting  air  not  exceed- 
ing one  hundredth  part  of  an  inch.  Frictional  electricity,  on  the  other  hand, 
will  force  a  passage  across  a  considerable  interval,  in  preference  to  taking  a 
long  druuit  through  a  conducting  medium. 

The  assertion  is  within  bounds,  that  the  whole  electricity  of  a  destructive 
thunder-storm  would  not  suffice  for  the  electro-gilding  of  a  single  pin — so  in- 
significant is  its  amount  A  small  copper  wire,  dipped  into  an  acid  along 
with  a  wire  of  zinc,  would  evolve  more  electricity  in  a  few  seconds  than  the 
largest  friction  electrical  machine,  kept  constantly  revolving,  would  furnish 
in  many  weeks.  Ko  shock,  on  the  other  hand,  would  be  occasioned  by  the 
electricity  from  the  immersed  wires ;  nor  would  it  produce  a  spark,  or  de- 
compose water — so  low  is  its  intensity.-  A  galvanic  battery  of  many  plates 
will,  however,  produce  electricity  of  sufficient  intensity  to  kill  a  large  animal, 
and  produce  other  effects  analogous  to  lightning. 

Electricity  of  intensity  then,  or  tension-electricity,  is 
electricity  characterized  by  the  greatness  of  its  intensity—, 
or  whose  intensity  is  greater  than  its  quantity.  Electricity 
of  quantity,  on  the  other  hand,  has.  its  quantity  greater 
than  its  intensity. 

The  intensity  diminishes  as  the  quantity  increases ;  but  the  ratio  which  the 
one  bears  to  the  other  differs  through  a  veiy  wide  scale,  so  that  a  knowledge 
of  the  degree  of  the  one  does  not  often  enable  us  to  predicate  the  amount  of 
the  other.  Practically,  we  have  no  difficulty  in  reducing  both  to  a  minimum, 
or  in  exalting  the  one  whUst  we  reduce  the  other ;  but  we  can  not  at  once 
exalt  both  intensity  and  quantity.  The  discovery  of  a  method  of  effecting 
this  will  make  a  new  era  in  the  seienoe ;  and  admit  of  the  most  important 
applications  to  the  useful  arts. 

240.  Practical  Applications  of  Electricity  ofQuan- 
tity  and  Intensity . — ^In  the  arts,  it  depends  much  upon  the  purpose 
to  which  electricity  is  to  be  applied  whether  it  should  be  chosen  great  in 
quantity,  or  great  in  intensity.  If  the  chemist  desires  to  analyze  a  gaseous 
mixture  by  exploding  it,  he  will  use  an  electrical  machine  to  supply  a  mo- 
mentary spark  of  great  intensity.  But  the  electro-plater,  who  has  constantly 
lo  decompose  a  compound  of  gold  or  silver,  employs  a  small  volt^c  battery — - 
which  furnishes  great  quantities  of  electricity  of  considerable  intensity.     The 

QuESTioitB. — ^niastrate  the  differences  between  qnantitf  and  intensity.  Wliat  definition 
may  Iw  ^iven  of  the  two  f  What  relation  exists  between  them  ?  What  are  their  practical 
applications? 
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electric  light  requires  both  quantity  and  intensity  to  be  very  great  The 
electric  telegre^h  d^zukods  great  quantity,  but  the  intensity  need  not  be  very 
high. 

241.  Electro-chemical  Decomposition.— When  a  current 
of  galvanic  electricity  is  made  to  pass  through  a  compound 
liquid,  composed  of  one  conducting  and  one  non-conduct- 
ing substance,  its  tendency  is  to  decompose  and  separate 
it  into  its  constituent  parts. 

242.  Decomposition  of  Water . — ^The  most  remarkable  Ulustrar 
lion  of  this  power  is  to  be  found  in  the  decomposition  of  water.  This  sub- 
stance is  composed  of  two  gases,  oxygen  and  hydrogen,  united  in  the  propor- 
tions of  one  measure  of  the  former  to  two  of  the  latter.  When  two  gold  or 
platinum  wires,  connected  with  the  opposite  ends  of  a  galvanic  battery,  are 
placed  in  water  at  a  short  distance  from  each  other,  the  water  is  decomposed, 
the  hydrogen  arising  in  bubbles  from  the  negative  pole  of  the  battery,  and 

Fid.  71.  the  oxygen  from  the  positive  pole.  When  two  glass  tubes 
are  placed  over  the  platinum  poles,  as  is  represented  in  Fig. 
71,  we  can  collect  tha  bubbles  as  they  rise,  the  volume  of  the 
hydrogen  being  twice  as  great  as  that  of  the  oxygen. 

When  copper  wires,  or  the  wires  of  metals  which  tend 
strongly  to  unite  with  oxygen  are  employed,  gas  escapes  from 
one  wire  only ;  whilst  if  platinum  or  gold  wires  be  used,  gas 
>-  is  evolved  from  both.  In  the  'first  case,  the  oxygen  combines 
with  the  copper  or  other  oxydizable  metal,  and  forms  an 
oxyd,  which  is  dissolved  by  the  liquid,  and  therefore  hydro- 
gen alone  escapes ;  in  the  second  case,  both  gases  are  evolved, 
since  neither  platinum  nor  gold  has  sufficient  chemical  affinity  for  oxygen  to 
combine  with  it  at  the  moment  of  its  liberation. 

243.  Electrodes . — ^The  term  electrode  is  often  used  to  designate  the 
poles  of  a  galvanic  battery.  It  is  especially  applied  in  those  cases  in  which 
the  connecting  wires  of  a  circuit  are  terminated  with  strips  of  platinum,  gold, 
charcoal,  or  some  other  good  conducting,  non-oxydizable  substance. 

244.  Theory  of  Electro-chemical  Decomposition.— 
Scientific  men  are  not  fully  agreed  upon  the  explanation  of  the  phenomenon 
of  chemical  decomposition  by  means  of  the  galvanic  current  A  general  idea 
of  what  takes  place  may  perhaps  be  best  gained  fix)m  what  is  called  the 
electro-chemical  theory.  According  to  this,  chemical  attractions,  which  wo 
distinguish  by  the  name  of  affinity,  and  electrical  attractions  depend  on  tho 
same  cause,  acting  in  one  case  on  atoms,  and  in  the  other  on  masses  of  mat- 
ter.   Every  atom  of  matter  is  regarded  as  charged  in  respect  to  all  other 


QuwiOK8.-*-Wliafe  is  the  inflaenee  of  the  electric  current  in  producing  electro-chemical 
decomporition  ?  How  is  this  iUastpftted  in  the  deoomposition  of  water  ?  What  are  elec- 
trodes f    What  is  the  theory  of  the  decoroposiiig  action  of  galvanic  electricity  f 
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atoms^  with  either  positive  or  negative  electricity.  In  the  case  of  water, 
hydrogen  is  the  electro-positive  element  and  oxygen  the  electro-negative  ele- 
ment It  has  been  already  shown  that  bodies  in  opposite  electrical  states  are 
attracted  by  each  other.  Hence,  when  the  poles  of  a  galvanic  battery  are 
Immersed  in  water,  the  negative  pole  will  attract  the  positive  hydrogen,  imd 
the  positive  pole  the  negative  oxygen.  If  the  attractive  force  of  the  two 
electricities  generated  by  the  battery  is  greater  than  the  attractive  force  which 
unites  the  two  elements,  oxygen  and  hydrogen,  together  in  the  water,  the 
compound  will  be  decomposed.  Upon  the  same  principle  other  compound 
substances  may  be  decomposed,  by  employing  a  greater  or  less  amount  of 
electricity.  In  this  way  Sir  Humphrey  Davy  made  the  discovery  that  potash, 
soda,  lime,  and  other  bodies,'  were  not  simple  in  their  nature,  as  had  pre- 
viously been  supposed,  but  compounds  of  a  metal  with  oxygen. 

This  theory,  as  presented,  is  not  received  as  strictiy  in  accordance  with  the 
&ct  Becent  experiments  of  Faraday  have  proved  that  the  electricity  which 
decomposes,  and  that  which  is  evolved  by  the  decomposition  of  a  certain 
quantity  of  matter,  are  alike.  Thus,  water  is  composed  of  oxygen  and  hydro- 
gen ;  now,  if  the  electrical  power  which  holds  a  grain  of  water  in  combina- 
tion, or  which  causes  a  grain  of  oxygen  and  hydrogen  to  unite  in  the  right 
proportions  to  form  water,  could  be  collected  and  thrown  into  a  voltaic  cur- 
rent, it  would  be  exactly  the  quantity  required  to  produce  the  decomposition 
of  a  grain  of  water  or  the  liberation  of  its  elements,  oxygen  and  hydrogen. 

The  quantity  of  electricity,  however,  which  is  required  to  effect  chemical 
decomposition  is  enormous.  Faraday  estimates  the  amount  of  electricity  re- 
quired to  decompose  a  single  grain  of  water  to  be  equal  to  that  evolved  by  a 
poweraa  flash  of  lightning. 

245.  Limits  of  theDecomposing  Action.— Decomposition 
by  the  agency  of  the  electric  carrent  takes  place  solely  at 
those  points  where  the  electricity  enters  and  leaves  the 
liquid. 

Thus,  when  a  portion  of  water,  for  example,  is  subjected  to  decomposition 
in  a  glass  vessel  with  parallel  sides,  oxygen  is  disengaged  at  the  positive 
electrode,  and  hydrogen  at  the  negative,  the  gases  being  perfectiy  pure  and 
unmixed.  If,  while  the  decomposition  is  rapidly  proceeding,  the  intervening 
water  is  carefully  examined,  not  the  slightest  disturbance  or  movement  of  ^ 
any  kind  will  be  perceived ;  nothing  like  currents  in  the  liquid,  or  transfer  of 
gas  from  one  part  to  the  other  can  be  detected ;  and  yet  two  portions  of 
water,  separated  by  an  interval  of  four  or  five  inches,  may  be  respectively 
evolving  pure  hydrogen  and  oxygen.  Now,  since  we  know  that  every  par- 
ticle of  water  is  composed  of  oxygen  and  hydrogen  in  the  exact  ratio  of  two 

QUESTTONB. — Explain  the  decomposition  of  water.  What  fact  has  been  proved  hy  the 
experiments  of  Faraday?  What  is  the  relatiTe  quantity  of  electricity  required  to  effect 
chemical  decomposition  f  At  what  points  of  the  galranie  circuit  does  the  decomposing 
action  take  place  ?  Illustrate  thi&  In  what  respect  is  this  action  contrary  to  what  mi£^ 
be  DAtorally  expected? 
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measures  of  the  latter  to  one  of  the  fonner,  it  would  naturally  be  supposed 
that  the  electric  current  having  separated  the  oxygen  at  one  point,  hydro- 
gen would,  haying  lost  its  combining  element,  also  escape  at  the  same  point. 
This,  however,  is  not  the  case,  and  great  difficulty  has  been  experienced  in 
accounting  for  it 

The  difficulty  will  be  more  evident,  says  Mr.  Hunt,  if  we  take  the  experi- 
ment on  a  larger  scale ;  for  example,  if  on  one  side  of  a  wide  river  the 
positive  pole  is  placed  in  the  water,  and  the  negative  pole  on  the  other,  we 
shall  still  have — the  battery  being  of  sufficient  power — oxygen  given  ofif  on 
one  side  of  the  river,  while  hydrogen  would  be  evolved  at  the  other. 

The  following  is  the  received  explanation : — ^The  arrangement  of  the  par- 
tides  constituting  a  line  or  layer  of  water  between  the  poles  of  a  galvanic 
circuit  may  be  represented  as  follows,  the  positive  atom,  hydrogen,  of  each 
particle  of  water  being  turned  by  the  influence  of  the  electricity  toward  the 
negative  pole,  and  the  negative  atom,  oxygen,  toward  the  positive  pole — 

Positive  pole  —  OH,   OH,   OH,   OH,   OH,   OH  —  Negative  pole. 

The  same  thing  may  be  also  illustrated  in  Fig.  72,  where  the  particles  of 
p.      HA  water  are  supposed  to  be  spherical,  the  shaded 

portion  of  each  sphere  representing  the  hydro- 
gen half  of  the  particle,  and  the  light  portion 

'     fBCBrWtn  '^  -  *^®  oxygen  half 

-^  B        If  the  positive  pole  is  placed  on  the  left  imd 

____^^_^^^_____^  the  negative  on  the  right,  oxygen  passes  off 

from  the  first,  and  hydrogen  from  the  last;  if 
we  reverse  the  poles,  the  order  of  the  decomposition  is  changed  also.  It  is 
not,  however,  to  be  supposed  that  when  H.  is  liberated  from  0.  at  the  nega- 
tive pole,  that  the  0.  of  that  particle  passes  over  along  the  line  to  the  positive 
pole ;  but  the  view  taken  is,  that  as  soon  as  the  atom  of  oxygen  loses  its 
hydrogen,  it  combines  with  the  atom  of  hydrogen  of  the  next  particle  of 
water,  and  a  new  particle  of  water  is  reproduced.  The  oxygen  of  the  second 
partide  being  thereby  liberated,  combines  with  the  hydrogen  of  the  next 
partide  of  water,  and  thus  the  decomposition  and  recomposition  is  continued 
on  to  the  end  of  the  series.  Resorting  again  to  symbols,  No.  1  will  repre- 
sent the  state  of  things  before  any  change  has  been  effected,  and  No.  2  the 
change  after  the  circuit  is  complete- 
No.  1.  +  O  H,  OH,  OH,  OH,  0  H  - 

No.  2.  -I-  0,  H  0,  HO,  HO,  HO,  H  — 
It  should  also  be  borne  in  mind,  that  the  changes  described  are  not  suc- 
cessive, but  simultaneous  at  each  end  of  the  series  of  partides,  and  at  all 
intervening  points  in  the  line  of  the  series. 

246.  Electrolysis  and  Electrolytes. — The  process  of  re- 
solving compounds  into  their  constituents  by  electricity  is 

QUE8TIOV8.— What  is  supposed  to  sctnaUy  oocor  in  the  decomposition  of  water  ?    What 
Is  eiectrolysis  7 
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termed  Electrolysis,  and  a  body  susceptible  of  such  de- 
composition is  termed  an  Electrolyte. 

No  elementaiy  substance  can  be  an  electrolyte ;  for  fix)m  the  nature  of  the 
propess,  compounds  alone  are  susceptible  of  electrolysis.  Electrolysis  occurs 
only  whilst  the  body  is  in  the  liquid  state.  The  free  mobility  of  the  particles 
which  form  the  body  undergoing  decomposition  ia  a  necessary  condition  of 
electrolysis,  since  the  operation  is  always  attended  by  a  transfer  of  the  com- 
ponent particles  of  the  electrolyte  in  opposite  directions. 

The  passage  of  a  current  of  electricity  through  the  liquid  used  in  the  cella 
or  cups  of  a  galvanic  circuit  depends  upon  the  decomposition  of  its  particles,  in 
the  same  manner  as  in  the  case  of  water.  No  fluid,  therefore,  which  is  not 
an  electrolyte,  or  in  other  words,  which  is  not  capable  of  being  decomposed, 
is  suitable  for  exciting  a  battery. 

247.  Electro-chemical  Order  of  the  Elements.— All  tbe 
elementary  substances,  according  as  they  appear  at  tbe  posi- 
tive or  negative  poles  of  a  galvanic  circuit,  have  been  classi- 
fied into  electro-positive  and  electro-negative  substances. 

In  the  following  table  the  most  important  of  the  elements  are  rrranged  in 
the  order  of  their  relatiye  negative  and  positive  properties,  the  most  intensely 
negative  element  being  placed  at  the  top  of  the  series,  and  the  most  intensely 
poffitive  at  the  bottom : 

ELBCTRO-NEaATlYE. — Oxygen. 

Sulphur. 

Nitrogen. 

Chlorine. 

Fluorine. 

Carbon. 

Phosphorus. 

Hydrogen. 

Gold. 

Platinum. 

Mercury. 

Silver. 

Copper. 

Tin. 

Lead. 

Iron. 

Zinc 

Sodium.    . 

Potassium. — ELBcrrRO-POsrnvB. 


QuiSTioKa — What  are  electrolytes?  Why  can  not  an  elementary  substance  be  an  elec- 
trolyte? What  conditions  are  neoeasary.  for  electrolysis?  What  fluids  only  are  capable 
of  exciting  a  galvanic  battery?  How  may  the  elementary  substances  be  classed  as  r&w 
spects  their  electrical  properties  ? 
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In  this  arrangement,  each  metal  is  positiye  as  respects  all  that  stand  before 
it,  and  negative  as  respect  those  that  succeed  it  Oxjgen  is  n^;atiye  in  every 
combination,  and  potassium  appears  to  be  uniformly  positive.  Hydrogen  is 
highly  positive  when  compared  with  oxygen  and  chlorine,  but  wiUi  metals  it 
always  exhibits  negative  electric  energy. 

248.  Eleetro-metallnrgy,  or  electrotyping,  is  the  art  or 
process  of  depositing,  from  a  metallic  solution,  through 
the  agency  of  galvanic  electricity,  a  coating  or  film  of 
metal  upon  some  other  substance.^ 

The  process  is  based  on  the  fact,  that  when  a  galvanie 
current  is  passed  through  a  solution  of  some  metal,  as  of 
sulphate  of  copper  (sulphuric  acid  and  oxyd  of  copper), 
decomposition  takes  place  ;  the  metal,  being  electro-posi- 
tive, attaches  itself  in  a  metallic  state  to  the  negative 
pole,  or  to  any  substance  that  may  be  attached  to  the 
negative  pole ;  while  the  oxygen,  or  other  electro-nega- 
tive element  before  in  combination  with  the  metal,  goes 
to,  and  is  deposited  on  the  positive  pole. 

In  this  way  a  medal,  a  wood-engpraving,  or  a  plaster  cast,  if  attached  to  the 
negative  pole  of  a  battery,  and  placed  in  a  solution  of  copper  opposite  to  the 
positive  pole,  will  be  covered  with  a  coating  of  copper ;  if  the  solution  con- 
tains gold  or  silver  instead  of  copper,  the  substance  will  be  covered  with  a 
coatmg  of  gold  or  silver  in  the  place  of  copper. 

The  thickness  of  the  deposit,  provided  the  supply  of  the  metallic  solution 
be  kept  constant,  will  depend  on  the  length  of  time  the  object  is  exposed 
to  the  infliieace  of  the  battery. 

In  this  way,  a  coating  of  gold  thinner  than  the  thinnest  gold-leaf  can  be 
laid  on,  or  it  may  be  made  several  inches  or  feet  in  thickness,  if  desired. ' 

The  usual  arrangement  for  conducting  the  electrotype  process  is  represented 
by  Fig.  73  It  consists  of  a  trough  of  wood,  or  an  earthen  vessel,  containing 
the  solution  of  the  metal,  the  decomposition  of  which  is  desired — for  example, 
sulphate  of  copper.  Two  wires,  one  connected  with  the  positive,  and  the 
other  with  the  negative  pole  of  a  battery,  Q,  are  extended  along  the  top  of 
the  trough,  and  supported  on  rods  of  dry  wood,  6  and  D.  The  medal,  or 
other  article  to  be  coated,  is  attached  to  the  extremity  of  the  negative  wire 


*  The  general  name  of  eleetro-metannrgy  inclndes  all  the  T^rionf  prooessea  and  results 
whieh  different  Inventors  and  manufacturers  have  designated  as  galvano-plastic,  electro- 
plastie,  galTano>type,  eleetro-typlng,  and  electro-plating  and  gilding. 

QuKSTioivB. — What  mbstanoe  is  always  negative?  What  one  always  poritive?  Define 
electro-metallni^.  Upon  what  is  the  proces<t  based  f  How  is  the  thickness  of  the  de> 
posit  regulated  f    Describe  the  arrangement  for  conducting  the  electrotype  prooesa. 
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and  a  plate  of  metallic  copper  to  the  end  of  the  pomtiTe  wire.  Wbeo  both 
of  these  are  immersed  in  tlie  liquid,  the  acliOD  commeDcea— the  sulphate  of 
copper  is  decomposed — the  copper  being  deposited  on  the  medal  attached 
to  tiie  negative  pole,  and  the  osjgea,  belbre  combined  with  it,  oa  the  copper 
plate  attached  to  the  positive  pole,  fbrming  oxjd  of  copper.  As  the  with- 
draml  of  tiie  metal  fiomttie  aolutiim  goes  on,  the  oxTd  (^copper  thus  formed 

ria.13. 


tmitcB  with  the  sulphnrio  add  which  is  liberated  in  the  solution,  and  forms 
fulphate  of  copper.  This  disBoiving  io  the  liquid,  miuntains  it  at  a  cooalaat 
Btrei^th. 

The  sole  objecrt  of  aUaching  a  plate  of  metallic  copper  to  Iha  posttive  pole 
in  to  thus  preserye  tbe  strength  of  the  solution  of  sulphate  of  copper.  If  ttia 
po^tive  polo  Lad  terminated  with  a  plate  of  pladnum  oi  gold,  the  action 
would  have  commenced  equally  well,  but  tbe  ozTgen  liberated  Irom  the  cop- 
per, tbroi^b  its  want  of  affloit;  to  either  the  platiDum  or  the  gold,  would 
have  escaped  as  gas,  and  the  solution  gradually  becoming  weaker  ttom  the 
withdrawal  of  its  elements,  the  electro-plating  action  would  cease.  When  Wi3 
operator  judges  that  the  deposit  on  the  medal  is  sufficiently  thick,  he  remoTW 
it  from  the  trough,  and  detaclies  the  coating.  The  deposit  is  prevented  from 
adhering  to  the  medal  bj  rubbing  its  sur&ce  in  the  first  instance  with  oil,  or 
black-lead,  and  if  it  is  desired  that  any  part  of  the  surfece  diould  be  left  un- 
roaled,  that  portion  is  covered  with  wax,  varnish,  or  some  other  non-con- 
daclor. 

In  this  way  a  most  perfect  reversed  copy  of  the  modal  is  obtained — that  is, 
(he  elevations- uid  depressions  of  the  original  are  reversed  in  the  copy.  To 
obtain  a  Aic-simile  of  the  orifpnal,  the  electrotype  cast  is  subjected  to  a  repe- 
tition of  the  process. 

In  general,  it  is  found  more  convenient  to  mold  the  object  to  be  repro- 
duced in  wax,  or  Plaster  of  Paris.  The  surface  of  this  cast  is  then  brushed 
over  with  black-lead  to  render  it  a  conductor,  and  the  metal  deposited  directly 
upon  it     The  depodt  obtained  will  then  exactly  resemble  the  original  ob- 
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The  pages  and  engravings  in  tlie  book  before  the  reader  are  illustrations  of 
the  perfection  and  practical  application  of  the  electrotype  process.  The  en- 
gravings were  first  cut  upon  wood-blocks,  and  then,  in  oombmation  with  the 
ordinary  type,  formed  into  pages.  Casts  of  the  whole  in  wax  were  then 
made,  and  an  electrotype  coat  of  copper  deposited  upon  them,  and  from  the 
copper  plates  so  formed  the  book  was  printed.  The  great  advantage  of  this 
is,  that  the  copper  being  harder  than  the  ordinary  type  metal,  is  more  durable^ 
and  resists  the  wear  of  printing  from  its  sur&ce  for  a  longer  period. 

The  improvement  effected  by  electro-metallurgy  in  engraving  is  very  great. 
When  a  copper  plate  is  engraved,  and  impressions  printed  off  from  it,  only  the 
first  few,  called  "  proof  impressions,  *'  possess  the  fineness  of  the  engraver's 
delineation.  The  plate  rapidly  weaia-and  becomes  deteriorated.  But  by  the 
electrotype  process,  the  original  plate  can  at  once  be  multiplied  into  a  great 
many  plates  as  good  as  itself  and  an  unlimited  number  of  the  finest  impres- 
sions procured. 

In  this  way  the  map  plates  of  the  Ck>ast  Survey  of  the  United  States,  some 
of  which  require  the  labor  of  the  engraver  for  years,  and  cost  thousands  of 
dollars,  are  reproduced — ^the  original  plate  being  never  printed  fit>m. 

The  metals  upon  which  an.  adherent  coating  of  silver  or  gold  is  most 
readily  deposited  are  brass,  copper,  bronze,  and  German  silver.  The  articles 
to  be  plated  or  g^ded  must  be  carefully  cleansed  from  all  adhering  greasy 
matters  by  boiling  them  in  a  weak  alkaline  solution,  and  then  rubbing  them 
with  chalk,  rotten-stone,  etc.  The  articles  are  then  carefully  washed,  at- 
tsiched  to  a  clean  copper  wire,  and  immersed  in  the  silvering  solution.  The 
deposit  is  hastened  by  keeping  the  solution  moderately  warm,  especially  at 
the  conmienoement  of  the  procesSb  The  articles,  when  plated, 'have  a  dead 
white,  or  chalky  appearance^  but  by  burnishing  they  assume  the  brilliant  lus- 
ter of  poUshed  silver.* 

249.  Protection  of  Metals  from  Corrosion.— When  two 
metals  which  are  positive  and  negative  in  their  electrical 
relations  to  each  other,  are  brought  in  contact,  a  galvanic 
action  takes  place  which  promotes  chemical  change  in  the 
positive  metal,  but  opposes  it  in  the  negative  metal. 

Thus,  when  sheets  of  zinc  and  copper  immersed  in  dilute  acid  touch  each 
other,  the  zinc  ozydizes  or  rusts  more,  and  the  copper  less  rapidly,  than 


*  The  teacher,  for  experiment,  can  best  iUastrate  the  deposition  of  metals  by  electro- 
chemical action  in  the  following  manner ; — Pat  a  piece  of  silver  in  a  glass  containing  a 
4N>lation  of  snlphate  of  copper,  and  into  the  same  glass  insert  a  piece  of  sine.  No  change 
will  take  place  in  either  metal  so  long  as  they  are  kept  apart;  bnt  as  soon  as  they  tench, 
the  copper  will  be  deposited  upon  the  rilver,  and  if  it  be  allowed  to  remain,  the  part  im. 
mersed  will  be  completely  covered  with  copper,  which  will  adhere  so  firmly  that  mere 
mbbing  alone  will  not  remove  it 


QnEBTiONB. — How  has  the  electrotjrpe  process  affected  the  art  of  engraving  ?  What  are 
the  pecnliarities  of  the  process  of  electro-plating  ard  gilding  f  Under  what  drcamstancei 
can  metals  be  protected  from  chemical  adion  f    Illustrate  thia. 
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without  contact  Iron  nails,  if  used  in  &stening  copper  sheathing  to  vessels, 
rust  much  quicker  than  when  in  other  situations,  not  in  contact  with  the 
copper.  The  reason  of  this  is,  that  the  two  metals,  in  consequence  of  the 
electricitj  developed  by  their  union,  are  placed  in  opposite  electrical  condi- 
tions. The  copper  ^"hich  is  ordinarily  positive,  is  rendered  negative  by  the 
contact  of  the  zinc,  or  iron ;  it,  therefore,  is  not  only  entirely  wanting  in  at- 
traction for  the  negative  corroding  oxygen  of  the  air,  or  water,  on  the  prin- 
dple  that  bodies  similarly  electrified  repel  each  other,  but  even  has  a  tendency 
to  abandon  any  oxygen  with  which  it  may  have  previously  combined.  The 
ziac  and  iron,  on  the  contrary,  in  virtue  of  the  exaltation  of  their  naturally 
positive  condition,  combine  with  the  negative  oxygen  most  readily,  on  the 
principle  that  bodies  in  the  opposite  electrical  condition  attract  each  other. 
The  positive  metal,  therefore,  oxydizes  most  speedily,  while  the  negative 
metal  remains  uninjured. 

What  is  called  galvanized  iron,  is  u-on  covered  entirely,  or  in  part,  with  a 
coating  of  zinc.  The  galvanic  action  between  the  two  oxydizes  the  zinc, 
but  protects  the  ironfrom  rust.  Sir  Humphrey  Davy  attempted  to  apply  this 
principle  to  the  protection  of  the  copper  sheathing  of  ships  (which  wastes 
rapidly  through  the  action  of  the  oxygen  in  sea- water),  by  placing  at  inter- 
vals over  the  copper  small  strips  of  zinc.  The  experiment  was  tried,  and  a 
piece  of  zinc  as  large  as  a  pea  was  found  adequate  to  preserve  forty  or  fifty 
square  inches  of  copper ;  and  this  wherever  it  was  placed,  whether  at  the 
top,  bottom,  or  middle  of  the  sheet,  or  under  whatever  form  it  was  used. 
The  value  of  the  application  was,  however,  neutralized  by  a  consequence 
wliich  had  not  been  foreseen ;  since  the  protected  copper  bottom  rapidly  ac- 
quired a  costing  of  sea- weeds  and  shellfish,  whose  friction  on  the  water 
became  a  serious  resistance  to  the  motion  of  the  vessel.  The  «idh3sion  of 
these,  under  ordinary  circumstances,  is  prevented  by  the  corrosion  cf  the 
copper  by  oxygen,  and  by  the  poisonous  action  of  the  compounds  of  ccpper 
and  oxygen  which  are  thereby  formed. 

The  principle,  however,  has  been  applied  with  success  for  the  protocticn 
of  iron  pans  used  in  evaporating  sea-waterj  and  in  other  similar  apparatus. 

QcsBTiONB. — How  is  this  action  aooonnted  for?  What  is  galvanized  iron?  "V^ha: 
practical  appli'*atJon  of  this  pzinciple  was  attempted  by  Sir  Humphrey  Davy? 


INORGANIC  CHEMISTRY. 


That  department  of  Chemistry  which  treats  of  inor- 
ganic^ or  unorganized  bodies,  is  termed  Inorganic  Chem- 
istry. 

It  includes  the  doctrines  of  affinity,  the  laws  of  combi- 
nation, the  chemical  history  of  the  elementary  bodies,  and 
of  those  compounds  of  the  elements  which  are  not  the  pro- 
duct, either  directly  or  indirectly,  of  living,  organized  bodies. 


CHAPTER    V. 

THE  GENERAL  PRINCIPLES  OF  CHEMICAL  PHILOSOPHT. 

250.  Elements. — A  chemical  element  is  a  material  sub- 
stance not  yet  analyzed  or  taken  apart — not  yet  resolved 
by  any  process  into  two  or  more  bodies  differing  from 
itself 

No  one  substance  within  the  reach  of  man  is,  however,  positively  known  to 
be  elementary ;  and  the  student  should  distinctly  understand,  that  it  can  not 
rightly  be  inferred,  because  a  body  has  not  yet  by  any  known  process  been 
decomposed,  that  it  never  will  be. 

251.  Nnmberof  the  Elements.— The  number  of  elements 
at  present/wHy  recognized  by  chemists  is  sixty-two.  Of 
these  only  twenty-nine  were  known  at  the  commencement 
of  the  present  century.* 

*  This  fact  will  illastrate  to  the  general  student  one  great  feature  in  the  progreaa  of 
modem  chemistry ;  bat  to  the  chemist,  the  discoTery  of  thirty-three  nev  elementary 

Questions. — ^What  is  inorganic  chemistry  ?  What  is  a  chemical  element  ?  Is  hny  sub- 
stance positiTely  kaown  to  be  elementary  f    What  is  the  number  of  the  elements  ? 
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252.  Classification  of  tlie  Elemeats.— The  elements  are 
usually  divided  into  two  great  classes^  the  metallic  and 
non-metallic  substances,  or  the  Metals  and  the  Metalloids. 
The  substances  comprised  in  the  first  class  are  the  more 
numerous,  but  those  in  the  latter  are  the  more  abundantly 
distributed.* 

Of  the  sixty-two  elements,  five  are  gases,  viz.,  oxygen,  hydrogen,  nitrogen, 
chlorine,  and  fluorine ;  two  are  simple  liquids,  mercury  and  bromine;  the  re- 
mainder are  solids,  at  common  temperatures.  Only  fourteen  of  the  elements 
are  of  common  occurrence,  and  of  these  the  great  mass  of  the  earth,  with  its 
atmosphere  and  water,  are  composed.  The  remainder  occur  only  in  com- 
paratively small  quantities,  and  fully  one  third  of  the  whole  number  are  so 
rare  as  not  to  admit  of  any  useful  application. 

A  very  few  only  of  the  elements  are  found  naturally  in  a  free  or  uncom- 
bined  state ;  of  such  we  may  mention  oxygen  and  nitrogen,  existing  in  the 
atmosphere ;  sulphtir,  carbcm,  and  a  few  of  the  metals^  as  gold,  platinum, 
copper,  etc,  distributed  throughout  the  earth.    The  msjorit^  exist  only  in 


bodies  implies  an  amonnt  of  laborious  and  protracted  researeb,  preceding  and  following 
eacb  discovery,  of  whicb  words  can  convey  to  the  aninitiated  no  adequate  idea. 

*  Tbe  alchemists  regarded  the  metals,  the  only  elemeqtary  bodies  with  which  they  were 
acquainted,  as  compound  substances.  The  baser  metals,  as  lead,  iron,  copper,  etc,  they 
bdieved  to  contdb&  the  same  elements  as  gold,  from  which  they  differed  on  account  of 
their  association  with  impurities ;  these  impurities  being  separated,  it  was  imagined  that 
gold  would  remain. 

The  problem,  known  as  tbe  "transmutation  of  metals,**  which  they  sought  to  solve,  and 
labored  for  centuries  to  effect,  was  not  to  generate  or  create  metals,  but  to  change  the 
proportion  of  the  elementary  substances  which  composed  them.  **For  a  century  or 
more,**  says  Professor  Faraday,  in  a  recent  lecture,  **  it  has  been  the  custom  to  wpwra  the 
doctrines  of  the  alchemists  as  devoid  even  of  the  semblance  of  philosophic  truth.  The 
time  has,  however,  past  for  this  opinion  to  be  maintained,  and  witliin  the  last  few  years  a 
series  of  manifestations  have  been  noticed  which  go  far  to  vindicate  many  of  their  opinions.** 
At  a  meeting  of  the  British  Association  for  the  Promotion  of  Science  in  1861,  M.  Dumas 
and  Professor  Faraday  both  avowed  their  belief  In  the  possibility  of  transmutation,  and 
the  latter  stated  that  he  had  even  experimented  with  a  view  of  producing  this  result, 
and  should  continue  to  do  so.  It  is  not,  however,  to  be  understood  that  chemists  ex- 
pect transmutation  will  be  effected  in  exactly  the  sense  of  the  old  alchemical  philosophy. 
There  is  no  evidence  Uiat  lead  can  be  converted  into  silver,  or  copper  into  gold.  M.  Du- 
mas  suggests  that  the  first  successful  transmutation  as  regards  metals  will  be  to  effect  a 
change  of  physical  state  merdy,  without  touching  chemical  composition;  thus,  already 
we  have  carbon,  which,  as  the  diamond  and  as  charcoal,  manifests  two  widely  different 
•  states.  Sulphur  also  assumes  two  forms,  as  also  phosphorus,  silicon,  and  boron.  Then 
why  not  a  metal  ? 

Within  a  very  recent  period  (1857),  a  series  of  experiments  have  been  published  by  Dr. 
Draper  of  New  York,  which  seem  to  indicate  that  silver  is  capable  of  transmutation  into 
another  metal,  possessing  some  of  the  properties  and  characteristics  of  gold.    "  It  is  hard 


QUKBTIONB. — ^Into  what  two  gront  classes  are  the  elements  usually  divided  ?  How  many 
of  tbe  elements  are^seons  f  How  many  liquid  f  How  are  the  elements  distributed  in 
nature  7    In  what  condition  are  they  generally  found  f 
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combination  with  each  other,  and  in  this  condition  they  are  so  completely  dis- 
guised as  to  manifest  few  or  none  of  their  characteristic  properties. 

253.  CompoDiid  Bodies. — All  compounii  bodies  are  formed 
by  the  chemical  union  of  two  or  more  of  the  elementary 
substances. 

The  compounds  so  resulting  are,  as  might  be  supposed,  almost  innumer- 
able, and  the  progress  of  research  is  continually  adding  to  their  number. 
Many  of  the  compounds  artificially  formed  by  chemical  action  have  no  exist- 
ence in  nature.  Some  of  them  are  of  eminent  utility  to  man,  while  others 
possess  properties  of  a  strange  and  fearful  character.  HappUy,  however,  the 
majority  of  those  compounds  which  are  especially  deleterious  are,  by  the  dif- 
ficulty and  expense  of  their  preparation,  placed  &r  beyond  the  readi  of  the 
majority  of  mankind. 

254.  Cause  of  Chemical  Combinationt — ^In  the  early  days 
of  chemistry,  chemical  combination  between  different  substances  was  supposed 
to  take  place  through  the  agency  and  guidance  of  some  spiritual  or  super- 
natural power  which  inyested,  or  dwelt  in  every  form  of  matter,  both  ani- 
mate and  inanimate.  The  popular  names  of  many  chemical  substances  at  the 
present  time,  such  as  spirit  ofunne,  spirit  qfnitre^  etc.,  are  evidences  of  the 
former  general  credence  in  this  doctrine.  Stahl,  a  noted  chemist  who  died  in 
1686,  taught  that  chemical  combination  proceeded  from  an  approximation  of 
the  combining  parts,  somewhat  after  the  manner  of  wedges.  Modem  chem- 
istry explains  chemical  combination  between  different  substances,  as  occur- 
ring through  the  agency  of  an  attractive  force,  acting  only  between  the  atoms, 
or  molecules  of  dissimilar  substances,  and  only  at  insensible  distances.  This 
force,  to  distinguish  it  fh>m  other  forms  of  attraction,  is  termed  aflinity.    To 

to  think,**  sajs  Sir  David  Brewster,  **  that  the  so-called  elements  are  trvly  simple.  The 
Instinct  of  humanity  revolts  against  believing  that  the  Maker  has  departed  from  his 
wonted  simplicity  of  prooc^lure  in  this  one  part  of  creation,  and  flung  such  a  number  of 
unchangeable  elements  from  his  immediate  hand.  Many  thoughtful  and  ingenuous  men, 
indeed,  have  Arankly  supposed  that  it  were  more  like  the  nature  of  Deity,  as  shown  by 
his  interpreted  works,  to  pour  forth  the  unreckonable  variety  of  things  from  the  bosom 
of  one  or  two  principles.  Thales  and  the  Greek  phyricists,  Roger  Bacon,  Stahl,  Lavoi> 
sier.  Sir  H.  Davy,  and  Berzelius,  have  all  given  more  or  less  expression  to  this  idea.  The 
greatest  question  in  chemistry,  or  in  plain  earnest,  the  one  question  of  the  age  then,  is 
precisely  this: — What  is  the  interior  nature  of  ttiese  elements  f  Science  bids  us  ask,  and 
perhaps  nature  is  ready  to  answer  it ;  but  what  shall  be  done,  rince  no  analytical  power 
can  move  one  of  those  steadfast  natures  from  Its  propriety  ?  Let  synthesis  be  tried  if 
analysis  has  fkUed ;  synthesis  has  never  been  tried.  It  is  in  the  highest  degree  probable 
that  all  the  present  elements  are  eqni-distant  from  simplicity,  and  all  equally  compound, 
if  there  be  any  truth  in  the  unanimous  testimony  of  chemical  analogy.  Their  ease  Is  ex- 
actly like  that  of  potassa,  soda,  lime,  and  their  congeners,  before  the  discovery  of  potas- 
sium ; — that  is  to  say,  potassa  once  discovered  to  be  metallic  oxyd,  all  the  rest  were  clearly 
metallic  oxyds  too,  as  experiment  was  not  long  of  showing.  In  the  same  way,  if  the  secret 
of  one  of  these  silent,  tantalicing  elements  be  discovered,  the  secret  of  them  all  Is  out** 


QmEonoxa — ^How  are  compound  bodies  formed  f  Do  aU  the  compounds  known  to  the 
chemist  exist  in  nature?  How  did  the  early  chemists  explain  chemical  oombinationt 
Uow  does  modem  chemistry  explain  it  i 
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the  question  ^'What  is  the  attractive  force  thus  designated?''  no  satidhctoiy 
answer  can  be  g^ven.  There  are^  however,  some  reasons  for  supposing  it  to 
be  a  modification  of  electrical  force. 

255. -Charaetcrs  of  Chemieal  Affinity.— Chemical  af- 
finity is  distinguished  from  all  other  kinds  of  attractive 
forces  which  act  at  minute  distances,  by  certain  peculiar 
characteristics.     These  are  briefly  as  follows  : — 

I.  It  is  exerted  within  its  own  limits  with  intense  en- 
ergy, but  beyond  those  limits  it  is  entirely  powerless. 

An  iron  wire  which  will  support  a  weight  of  a  thousand  pounds  without 
breaking,  will  in  a  few  minutes  yield  to  the  almost  noiseless  action  of  a  mix- 
ture of  sulphuric  acid  and  water.  The  tenacious  metal  will  dissolve— particle 
by  particle  will  be  ^etached  from  the  iron — ^and  in  the  clear  liquid  which  re- 
sults, no  vestige  of  the  structure  of  the  metal  will  remain.  It  is  rarely  possi- 
ble by  minute  subdivision  to  cause  the  particles  of  different  substances  to 
approximate  sufficiently  near  to  produce  chemical  action.  Tartaric  acid  and 
carbonate  of  soda  may  be  incorporated  by  grinding  for  hours  in  a  mortar, 
but  they  will  not  act  chemically  upon  each  other.  IfJ  however,  we  add  a 
portion  of  water,  which  dissolves  the  particles  of  both  and  allows  them  mu- 
tually to  approach  closer,  a  chemical  union,  accompanied  by  an  effervescence, 
immediately  takes  place. 

The  amount  of  power  or  work  produced  by  the  action  of  chemical  affinity 
is  in  general  very  great,  and  in  some  instances  we  may  approximately  meas- 
ure and  compare  it  with  other  forces.  For  example,  coal  bums  and  produces 
heat  solely  in  consequence  of  the  affinity,  or  attractive  force,  which  causes 
particles  of  oxygen  in  the  air  to  unite  with  particles  of  coal.  Now,  a  pound 
of  the  purest  coal,  burned  under  the  proper  circumstances,  and  its  resulting 
heat  applied  to  the  production  of  steam,  will  generate  a  power  capable  of 
lifting  a  weight  of  100  pounds  to  a  height  of  20  miles,  or  1  pound  2,000  mUes. 
This  result,  therefore,  is  a  measure*  of  the  chemical  force  of  affinity  which 
operates  between  the  particles  of  a  pound  of  coal  and  the  quantity  of  oxygen 
that  unites  with  them. 

II.  It  is  only  exerted  between  dissimilar  substances. 

No  manifestations  of  this  force  can  take  place  between  two  pieces  of  iron, 
two  pieces  of  copper,  or  two  pieces  of  sulphur;  but  between  sulphur  and 
copper,  or  sulphur  and  iron,  chemical  action  of  the  most  energetic  kind  may 
occur.       '^ 

Were  there  but  one  kind  of  matter  in  the  universe,  the  force  of  affinity 
could  not  exist ;  no  chemical  action  could  take  place,  and  the  science  of 
chemistry  would  be  unknown. 

QuxsTioirs. — ^What  do  we  know  of  the  natare  of  affinity  ?  State  and  illastrate  the  first 
ehfuraeteristie  of  affinity  f*  WhiA  is  said  of  the  amonnt  of  work,  or  power  which  chemical 
-affinlfcy  is  capable  of  prodadng!  Give  an  Ulnstration.  State  and  illustrate  the  second 
diaracteristle  of  affinity. 
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III.  Generally  Bpeaking,  the  greater  the  difference  in 
the  properties  of  bodies,  the  greater  is  their  tendency  to 
enter  into  chemical  coiubinatioQ.  Between  bodies  of  a 
similar  character,  the  tendency  to  union  is  feeble. 

ly.  Chemical  affinity  occasions  an  entire  change  in  the 
properties  of  the  substances  acted  upon. 

Tbia  chmige  la  moat  remarkable,  and  is  of  euch  a  cliaracter  as  could  Dot 
be  piedicted  ftt>m  taij  acqiiHititiuics  with  the  substances  in  a  separHte  condi' 
tUm.  Thoa,  if  we  diasolve  copper  ia  sulpburic  acid,  wa  obtain  a  blue,  aemi- 
tranaparant  substance ;  while  iron  treated  in  the  Btime  manner,  yields  a  light 
green  product 

Althoi^  in  a  comtmiaUon,  the  properties  of  the  cooatituente  are  changed, 
and,  as  &r  aa  ordinary  observatiun  ia  coDceroed,  are  deatn^ed,  yet  thej  really 
exist  in  Qte  compound,  and  can  be  ^;un  reproduced  bj  reeloring  the  com- 
biuiog  elementa  to  their  original  condition. 

V.  The  power  of  affinity  is  exerted  between  di£ferent 
kinds  of  matter  with  different,  but  definite  degrees  of 
force. 

Nitric  acid,  for  example,  will  comtnne  with  and  dissolTe  most  of  the  metals, 
aa  ailvBT,  mercury,  copper,  and  lead ;  but  it  unites  with  them  with  very  diA 
teKOt  diigreee  of  intennty.  -With  silver  the  combination  ia  less  powerful  than 
with  mercury,  leas  so  nith  mercury  than  with  copper,  and  with  copper  lees 
again  than  with  lead.*  Indeed,  the  different  elements  may  be  arranged  in 
tables,  in  such  a  way  as  to  indicate  by  thmr  order  the  degree  of  aCBnity  whii^ 
(bey  req)ectlTely  hare  ibr  some  particular  element. 


•  The  difference  In  the  itTtngth  of  the  efflnUr  eiM- 

Ing  between  differont  lubeOuifee  nu^  be  earilr  iUnb 

WTatM.  of  «!el.te  of  lead  («««■  of  bod)  in  .  nniU 
quantity  of  water,  and  BU  a  phial  with  the  aolotloB.    If 
apIeaofiliKbenoweuipended  in  the  liquid,  ttwiO. 
aftar  a  little  Ume,  become  covered  with  a  graj'  coating, 
from  whioh  brUIUnt  metallic  .puiglea  will  grwiuJlr 

miliaria  known  aa  the  lead  tree.     The  eftcl  thna  pro- 
dnced  t>  due  to  the  nperlor  .fBnltj  of  the  lino  fcr  the 
aeeOc  «!ld  wmMned  with  the  lead,  which  «»«  tb. 

tof  with  the  «M  and  enleringlntoiBlulion.  and  the  lead 
being  depealtad  In  .  n.etallie  rtale,  in  place  of  the  zinc 

i^nbekeptui 

1  (nmelentlr  long,  vrery  particle  of  lead  may  be  Ir^  thi>  wa;  with- 

—Whatlatbe  nirdnharacMrlttioof  afllnltrf    What  !■  the  ftmrth  t 
trolatbti.    Uthaflotnaf  afltnltralwarinitlbnaf    How  may  thk  ba  duTB  T 
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VI.  However  much  the  properties  and  form  of  budies 
ma^  be  changed  by  the  action  of  cliemical  affinity,  no  de- 
struction of  matter  ever  ensues — the  weight  of  the  pro- 
ducts of  combination  being  always  exactly  equal  to  that 
of  the  compoaent  elements  before  combination. 

By  meaoa  of  a  Bimpls  experiment  it  ma;  be  diowu  that  even  although  a 
HobMaace  may,  through  the  actioa  at  chemical  affinity,  vanish  bora  our  sight, 
it  bUU  continass  to  exist  as  a  gaa  which  has  the  same  weight  as  the  Tisible 
BoM  whidi  furniahcd  it     Into  a  glass  flask.  A,  Fig.  75,  of  about  2S0  cubio 
inches  capadt/,  which  is  provided  with  a  brass  cap  and  stop-cock,  10  or  13 
grains  of  gon-cotton  are  Introduced.    The  ur  in  the  flask  is  then  completely 
exhausted  by  means  of  an  air-pump^  and  the  flask  weighed.     The  cotton  is 
then  ignited  by  means  of  two  wires,  a  and  fr,  proceeding  from  a  galvanic  bat- 
tery, and  passing  through  the  cap  of  the  flasic  j^^,  75_ 
On  the  transniisaion  of  a  voltaic  curront,  the 
ootton    entirely    disappears  with   a   brilliant 
flash,  but  the  flask,  if  weighed  agiun,  will  be 
found  to  be  a^  heavy  as  before  the  cotton  was 
fired. 

VII,  Chemical  combination  of 
eabsianccs  may  either  occur  in- 
stantly on  mixture,  or  may  be  in- 
definitely postponed  until  some 
other  force,  as  heat,  for  example, 
produces  a  commencement  of  the 
action. 

In  a  large  proportion  of  cases,  chemical  ac- 
tion will  not  commence  spontaneously.  A  heap  of  charcoal  will  remmn  un- 
altered in  the  ur  for  years ;  but  if  a  few  pieces  be  made  red  hot  and  then 
thrown  upon  the  heai^  chemical  combination  between  tHe  charcoal  and  the 
oxygen  of  the  air  is  commonced  by  the  heat,  and  continues  until  the  whole 
mass  is  Burned.  In  other  inatances  chemical  action  commences  without  the 
application  of  any  extrsueoiis  force.  Pliosphorua  be^ns  to  bum  slowly  the 
instant  it  comes  in  contact  with  the  atmosphere,  and  exposed  to  the  heat  of 
the  sun,  speedily  bursts  into  a  flame. 

Ca-tal'y-si»,— The  mere  ^esence  of  a  third  fiotfy  will 
sometimes  awaken  or  excite  the  force  of  affinity  between 


e  EpanunsoiisI]'  t    IlluUnts  this.    Whal  L>  oalalygU  t 
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two  other  bodies  to  an  extent  sufficient  to  cause  their 
onion — without  itself  undergoing  any  alteration^  either 
mechanical  or  chemical.  Such  an  action  is  termed  Oa- 
talysia.  It  is  also  sometimes  called  the  actum  of  pres- 
ence. 

Phenomena  of  this  character  are  the  most  curious,  and,  in  some  respects, 
the  most  difficult  of  explanation  of  any  in  chemistry.  A  ^miliar  example  of 
this  action  is  afforded  us  in  the  case  of  jeast,  a  most  minute  particle  of  which 
is  able  to  excite  fermentation  in  a  lar^e  quantity  of  sugar  in  solution.  Oth^r 
examples  will  be  noticed  in  the  progress  of  this  work. 

Nascent  State  • — Chemists  have  long  recognized  the  &ct,  that  bodies, 
when  in  the  act  of  liberation,  or  separation  from  other  substances,  display 
far  more  energetic  affinities  than  under  ordinary  circumstances.  This  con- 
dition is  termed  the  nascent  (from  the  Latin  fuucor,  to  he  hom^)  state. 
Thus,  hydrogen  and  nitrogen  gases,  under  ordinary  circumstances,  do  not 
unite  if  mingled  in  the  same  vessel;  but  when  these  two  gases  are  set  free 
at  the  same  time  from  the  decomposition  of  some  substance,  they  readily 
combine. 

VIII.  Chemical  compounds  may  be  formed  either  by  the 
direct  union  of  their  ingredients^  or  by  the  displacement 
of  one  substance  by  a  different  one  in  a  compound  pre- 
viously formed. 

IX.  Whenever  the  elements  unite  directly  with  each 

other,  heat  is  generally  evolved,  and  in  many  instances, 

light  also ;  the  amount  of  each  being  pixjportioned  to  the 

rapidity  of  the  action. 

266.  Laws  of  Chemical  Combinations . — ^It  might  naturally 
be  .supposed  that  chemical  combination  between  the  various  elementary  sub- 
stances would  take  place  in  all  proportions  indifferently,  in  the  same  manner 
as  unlike  particles  of  matter  can  be  mingled  together  mechanically.  Such, 
however,  is  not  the  case,  but  the  relative  proportions  in  which  different  ele- 
ments unite  is  determined  by  fixed  laws.* 


*  It  should  be  here  remarked,  fhat  the  vieire  adopted  in  this  work  are  thoae  of  Ber- 
celius,  Mltfldtierlieh,  Dumas,  Hafea,  and-  moat  of  the  leading  chemists  of  the  day— Tix. 
that  all  mixtures  of  gases  with  gases,  liquids  with  liquids,  and  all  iolutions  proper,  of 
solids  in  liquids,  are  not  chemical  combinations,  unless  they  take  place  in  definite  propor- 
tions.   Apparent  combination  in  indefinite  proportions,  as  of  alcohol  with  water,  may  be 


QvKsnoirs. — What  is  understood  by  the  nascent  state?  In  what  two  ways  may 
ehemioal  compounds  be  formed  f  What  phenomena  of  heat  and  light  attend  diemiesl 
oombinattons?  Do  substances  enter  into  combination  in  all  proportions?  Enomente 
the  laws  which  regulate  cheminal  combination. 
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These  laws,  which  are  three  in  number,  regulate  the  mode  of  combination 
of  every  known  chemical  compound,  and  are  usually  called  the  Law  of 
Definite  Proportions,  the  Law  of  Multiple  Proportions,  and  the  Law  of  £quiv- 
nlent  Proportions. 

257.  law  of  Definite  Proportions.— In  every  chemical 
compound  the  nature  and  proportion  of  its  constituent 
elements  are  fixed,  definite  and  invariable. 

For  instance,  100  parts  of  water  contain  8889  of  oxygen  and  11-11  hydro- 
gen. It  matters  not  in  what  condition  the  water  may  exist — ^in  springs,  or 
in  the  ocean,  in  the  form  of  ice,  dew,  cloud,  or  steam,  its  composition  is  uni- 
form and  certain.  When  artificially  prepared,  by  causing  the  gas  hydrogen 
to  unite  chemically  with  the  gas  ©xygen,  the  same  proportions  are  required, 
that  is,  11*11  grains,  ounces,  or  pounds  of  hydrogen  must  be  taken  for  every 
88*89  grains,  ounces,  or  pounds  of  oxygea  If  either  one  of  the  constituents 
be  in  excess,  combination  will  still  take  place,  but  the  excess  will  be  rejected. 
So  also  in  the  case  of  other  simple  compounds.  A  piece  of  flint,  or  of  dear 
quartz  crystal,  come  from  whatever  source  it  may,  yields  in  every  100  parta^ 
48'2  of  the  element  silicon,  and  51 '8  of  oxygen. 

The  law  of  definite  proportions  may  be  proved  in  two  ways:  first,  by 
analysis,  that  is,  by  taking  the  compound  apart  and  comparing  the  products 
of  decomposition;  and,  secondly,  by  synthesis,  that  is,  by  uniting  the  elements 
in  definite  proportions  to  form  the  required  compound. 

Although  of  great  simplicity,  it  constitutes  one  of  the  fundamental  princi- 
ples upon  which  modem  chemistry,  as  an  exact  science,  rests.  It  enters  into 
all  the  practical  applications  of  chemistry  to  the  arts,  and  is  relied  upon  by 
the  analyist  as  a  means  of  verifying  and  classifying  his  results.  It  also  en- 
ables us  to  draw  a  broad  and  dear  distinction  between  a  mechanical  mixture 
and  a  chemical  combination ;  between  the  force  of  a^ity  and  the  force  of 
adhesion,  which  produces  the  solution  of  solids  in  liquids. 

258.  Law  of  Multiple  Proportions . — It  fi^uentiy  happens 
that  one  elementary  substance  will  unite  with  another  in  moro  than  one  pro- 
portion. The  compounds  so  obtained  differ  greatly  in  their  properties,  but 
still  preserve  a  simple  relation  to  each  other.  The  law  which  governs  these 
relations,  add  which  is  known  as  the  law  of  multiple  proportions,  maybe 
stated  as  follows  :-— 

If  the  elements  A  and  B  unite  together  in  more  pro- 
portions than  one,  the  severdi  quantities  of  B,  which  unite 


ezfdained  hj  snpposinfe  that  definite  eomblnation  takes  place  between  limited  qnaniitles 
of  the  combining  substN-ncea,  In  the  first  instance,  and  that  the  compoand  thus  formed  is 
afterward  mechanically  mixed  with  the  excess  of  either  of  the  constituents. 

Qunnoirs. — State  the  law  of  definite  proportions.  What  are  illastratlons?  How  maj 
fbis  law  be  proved?  What  is  Its  practioU  Taloe  f  What  is  the  law  of  moltlple  propor- 
tions? 


1 
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with  the  same  quj^ntity  of  A,  will  bear  a  very  simple  rela- 
tion to  each  other. 

Thus  we  may  have  a  series  of  compounds  like  the  following: — A-\-B; 
A+2  B;  A-(-3  B;  A-f4  B;  A+5  B,  etc.,  in  which  one  part  of  the  element  A 
unites  respectively  with  one,  twe^  threCi  four  and  five  parts  of  B,  to  form 
five  different  compounds,  each  possessing  different  properties.  Such  a  ample 
series  represents  the  five  different  compounds  which  nitrogen  forms  with 
oxygen — one,  two,  three,  four  and  five  parts  (by  weight)  of  oxygen  uniting 
with  one  part  of  nitrogen.  In  some  instances  the  relation  is  less  simple,  one 
or  two  proportions  of  one  element  combining  with  3,  5,  7,  etc.,  of  another — ^the 
law  simply  requiring  that  the  proportionals  shall  all  be  multiples  of  the  small- 
est.   ThuS|  compounds  represented  by  the  fjpllowing  formulas  may  exist  :-^ 

2  A+3  B:  2  A+6  B;  2  A+'J  B,  etc 

In  this  1^  is  considered  las  the  smallest  combining  proportional  of  B. 

259.  Law  of  Equivalent  Proportions.— When  an  ele- 
mentary body  (A)  unites  with  other  bodies  (B,  C,  D,  etc.), 
the  proportions  in  which  B,  C  and  D  unite  with  A,  will 
represent  in  numbers  the  proportions  in  which  they  will 
unite  among  themselves,  in  case  such  union  takes  place ; 
in  other  words,  the  fixed  proportions  in  which  the  ele- 
ments unite  among  themselves,  may  be  represented  nu- 
merically. 

Oxygen  is  an  element  that  forms  at  least  one  definite  compound  with  every 
other  elementary  substance,  with  a  single  exception.  United  with  hydrogen 
it  forms  water,  and  100  parts  of  water,  as  before  stated,  contain  88*89  parts 
of  oxygen  and  11*11  hydrogen.  United  with  the  element  calcium,  it  forms 
lime,  and  100  parts  of  pure  lime,  if  examined,  will  be  found  to  consist  of  28*58 
parts  of  oxygen  and  71*42  of  calcium.  In  like  manner  100  parts  of  potash 
contain  17*02  of  oxygen  and  82*98  of  the  element  potassium.  It  will  be 
apparent,  from  these  iUustrations,  that  the  quantity  of  oxygen  is  not  the  same 
in  its  compounds  with  the  different  elements,  and  the  inquhy  next  arises, 
does  any  constant  relation  exist  between  the  proportions  of  oxygen  and  the 
proportions  of  the  different  elements  which  unite  with  it  to  form  compounds? 
The  existence  of  such  a  relation  may  be  shown  in  the  following  manner : — 
Having  ascertained  the  proportions  in  100  parts  of  the  various  compounds 
which  each  elementary  body  forms  when  it  combines  with  oxygen,  determine 
by  calculation  the  proportion  in  which  each  element  unites  with  the  same 
fixed  quantity  of  oxygen,  as  8  parts,  for  example.  A  series  of  proportional 
numbers  will  thus  be  obtained,  which  will  represent  the  ratios  in  which 


QnvsTiovB.^niartrate  the  law  of  mnltiple  proportions.    What  is  the  law  of  •qiiiv»' 
leot  proportions  ?    How  is  the  law  of  equivalent  proportions  demonstrated  t 
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each  of  the  elements  combines  with  oxygen.  For  example,  in  the  case  of 
water,  it  will  be  seen  that  for  eacli  8  parts  of  oxygen,  1  part  of  hydrogen  is 
present. 

For  88*89  (the  quantity  of  oxygen  in  100  parts  of  water) :  11*11  (the  quan- 
tity of  hydrogen)  : :  8:1. 

So  also  in  lime,  for  each  8  parts  of  oxygen,  20  of  the  element  calcium  are 
present 

For  28*58  :  •71*42  : :  8  :  20. 

And  in  potash,  for  every  8  of  oxygen  there  are  39  of  potassium. 

For  1'7*02  :  82*96  : :  8  :  39. 

In  like  manner  it  has,  by  careful  and  laborious  investigation,  been  shown 
th^t  the  proportions  whidi  exist  between  oxygen  and  the  other  elements  in 
their  respective  combinations,  are  capable  of  being  represented  numerically. 
Thus,  8  parts  of  oxygen  unite  with  14  of  nitrogen,  16  of  sulphur,  6  of  carbon, 
28  of  iron,  32  of  copper,  100  of  mercury,  104  of  load,  108  of  silver,  and 
so  on. 

But  further  experiments  have  led  to  the  very  remarkal)le  discovery,  that 
these  namhers  not  only  represent  the  quamiities  of  the  different  elemenia  which 
unxte  with  8  parts  of  oxygen^  but  ihey  also  indicate  the  simplest  proportions  in 
which  the  different  elements  can  unite  with  each  other. 

For  example,  not  only  does  1  part,  by  weight,  of  hydrogen,  16  of  sulphur, 
28  of  iron,  and  100  of  mercury,  severally  unite  with  8  parts  of  oxygen,  but  1 
part  of  hydrogen  unites  to  form  a  compound  with  16  parts  of  sulphur,  and  16 
of  sulphur  in  turn  unites  to  form  different  compounds  with  28  parts  of  iron  and 
100  of  mercury,  or  39  of  potassium. 

260.  Law  of  Substitution! — It  very  often  happens  also,  that  through 
the  varying  force  of  affiinity,  one  element  is  able  to  expel  and  replace  an- 
other in  a  compound  previously  formed.  When  such  a  substitution  takes 
place,  it  always  happens  in  the  quantities  indicated  by  their  proportional 
numbers. 

This  principle  may  be  illustrated  as  follows : — In  mercantile  transactions^ 
100  doUars  in  money  will  purchase  6  ounces  of  gold,  or  12  ounces  of  platinum, 
or  100  ounces  of  silver,  or  1,500  ounces  of  mercury;  consequently,  6  ounces  of 
gold  have  the  same  commercial  value  as  12  ounces  of  platinum,  or  100  ounces 
of  alver,  etc.  The  same  principle  holds  good  in  chemistry:  28  ounces,  or  28 
parts  of  any  other  denomination  by  weight,  of  iron,  100  of  mercury,  108  of 
silver,  or  one  of  hydrogen,  combine  with  8  of  oxygen.  Accordingly  28  ounces 
of  iron  have  same  chemical  value  as  100  ounces  of  mercury,  108  of  silver,  or 
1  ounce  of  hydrogen. — Stockhardt. 

261.  Chemical  Equivalcnls.  —  The  proportions,  or 
quantities  by  weight,  in  which  different  substances  unite 


Qnxsnoirs. — What  remarkable  fact  has  been  ascertained  respecting  the  proportion  of 
the  elements  which  combine  with  oxygen  ?  What  are  examples?  What  is  understood 
by  the  law  of  eobititntionsr  How  is  this  iUnstrated?  What  is  the  meaning  of  chemical 
equivalents  f 
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to  form  definite  cbemical  compounds,  are  called  Cbeniical 
Equivalents  (from  cequuSy  equal,  and  valor y  value).  They 
are  also  sometimes  designated  as  combining,  or  equivalent 
weights.  The  numbers  representing  or  expressing  these 
proportions  are  termed  equivalent  numbers. 

Thoa,  by  1  equivalent  of  oxygen  is  to  be  understood  8  parts  of  it  by 
weight;  by  1  equivalent  of  iron,  28  parts  by  wdght;  by  I  equivalent  of  mer- 
cury, 100  parts  by  weight. 

It  will  be  readily  observed  that  the  numbers  used  to  deagnate  equivalents 
merely  express  the  reUUive  quantities  of  the  substances  they  represent ;  it  is 
therefore  a  matter  of  little  consequence  what  numbers  are  employed  toiez- 
prcss  them,  provided  the  relations  between  them  are  strictly  observed.  Thus 
wo  may  represent  tlie  equivalent  of  hydrogen  (which  is  the  smallest  of  all 
the  equivalent  numbers)  by  100,  or  1,000  ad  well  as  by  1,  provided  afl  the 
other  equivalent  numbers  are  multiplied  in  an  equal  ratio ;  or  hydrogen  may 
be  represented  by  .01  or  .001,  if  all  the  other  numbers  are  equally  re- 
duced. If  hydrogen  were  represented  by  100,  oxygen  would  be  800,  and 
iron  2,800.  Or  if  hydrogen  were  0*01,  oxygen  would  be  0*08,  and  iron  0*28. 
It  is  the  ratio,  or  relative  proportion,  which  gives  value  to  these  numbers. 

In  England  and  the  United  States,  the  combining  number  of  hydrogen  is 
made  the  unit  of  comparison.  The  reason  why  this  element  is  selected  is  be- 
cause it  combines  with  oxygen  and  other  elements  in  a  smaller  proportion  by 
weight  than  any  other  known  substance,  and  the  numbers  representing  tiie 
combining  proportions  of  all  the  other  elements,  may  also,  with  few  excep- 
tions, and  without  material  error,  be  taken  as  multiples  by  whole  numbers  of 
the  equivalent  of  hydrogen.  The  equivalent  number  of  hydrogen  in  this 
scale  is  1,  and  as  one  part  of  hydrogen  is  united  in  water  with  exactly  8 
parts  of  oxygen,  the  equivalent  number  for  oxygen  is  8. 

On  the  Continent  of  Europe,  most  chemists  make  oxygen  the  unit  of  com- 
parison, and  assume  its  equivalent  number  to  be  100 :  the  equivalent  number 
of  hydrogen  will  be,  therefore,  8  times  less,  or  12*5,  and  the  equivalent  num- 
bers of  the  other  elements,  calculated  according  to  the  hydrogen  scale,  will 
also  be  changed  proportionally. 

In  the  following  table  the  elementary  substances  are  arranged  alphabetically, 
with  the  symbols  used  by  chemists  to  designate  them  affixed  to  each.  The 
numbers  representing  their  equivalent  or  combining  proportions,  calculated 
according  to  the  hydrogen  scale,  are  placed  opposite  to  each  element.* 


•  The  irainbers  on  the  hydrogen  scale  will  be  adopted  in  thi«  work,  and,  generallj 
q>eaking,  fractional  quantities  ivill  be  omitted. 

QuKsnoKB. — ^What  of  eqnivalent  nnmbersf  May  the  nnmbers  expressing  eqniralents 
be  varied  and  changed?  On  what  principle?  What  is  the  nnit  of  the  scale  adopted  in 
England  and  the  United  States  fnr  indicating  the  numerical  relations  of  the  equivalents? 
Why  is  hydrogen  adopted  ?    What  is  the  unit  adopted  upon  the  Continent  of  Europe  ? 
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The  names  of  the  elements  which  from  their  rarity  may  be  regarded  as  un- 
important, are  given  in  Italics. 

TABLE  OF  THE  ELEMENTARY  SX7BSTANCES,  WITH  THEIB  EQUIVALEKTS  AND 

SYMBOLS. 


Nbdm. 


Symbol. 


Alaminum 

Antimony  (Stibium). 

Arsenic. 

Barium 

Sismnth 

Boron 

Bromine 

Cadmium. 

Oftleium 

Carbon 

Cerium, 

Chlorine 

Chromium 

Cobalt 

Copper 

DwjnUum. 

JBrbiuni^ 

Fluorine. 

Olueimum. 

Oold  (Aurum) 

Hydrogen 

llmerUum 

Iodine 

JridUtm 

Iron. 

Lcmtamum 

Lead  (Plumbum). . . . 

Utliium 

Ma^esium 

Manganese 

Mercury. 


H— 1. 


Al 

13-T 

Sb 

129- 

Ab 

76- 

Ba 

63-60 

Bi 

3ia- 

B 

10-9 

Br 

80- 

Gd 

56- 

Ca 

20- 

C 

6- 

Ce 

47- 

CI 

35-rtO 

Cr 

36-7 

Co 

29-5 

Cu 

31-T 

D 

E 

P 

19- 

O 

6-9 

Au 

98- 

H 

1- 

11 

I 

127- 

Ir 

99- 

Fe 

2«- 

La 

36. 

Pb 

10  {-6 

Li 

6-9 

Mg 

la-a 

Mn 

27-6 

Hg 

100- 

Name. 


Symbol. 


Molybdenum. 

Nickel 

Niobitm% 

Nitrogen 

Owniwin 

OzTgen. 

Palladiwn. 

PeUqpimn 

Phosphorus. 

Platinum 

Potassium  (Kallum) 

Bhodium 

Rutheniuvn 

Selenium 

SiUcium,  or  Silicon 

Silver  (Argentum) 

Sodium  (Natrium).. 

Strontium 

Sulphur. 

IbnkUum  (Columbium). 

Tellurium 

Terbium 

Thorium 

Tin  (Stannum) 

Titanium 

Turigaten  (Wolfhtm).. . . . 

Uranium 

Vanadium 

Yttrium. 

Zinc 

Zirconium. 


Mo 

Nl 

Nb 

N 

On 

O 

Pd 

Pe 

P 

Pt 

K 

R 

Ru 

8e 

Si 

Ag 

Na 

8r 

S 

Ta 

Te 

Tb 

Th 

Sn 

Ti 

W 

U 

V 

Y 

Zn 

Zr 


H.1. 


46- 
29-6 

14- 
99-6 
8- 
63*3 

82* 

98-7 
89-2 
62-2 
62-2 
40- 
21-3 
108- 
23- 
44* 
16- 
92* 
64- 

B9-0 

69* 

26' 

94* 

60- 

68-6 

82-2 

82-6 

22-4 


Three  other  substances  discovered  within  the  last  few  years,  and  desig- 
nated as  Aridium,  Donarium,  and  Korium,  are  claimed  to  -poeaesB  an  ele« 
mentaiy  character.  If  their  existence  is  fully  established,  the  number  of  the 
elements  must  be  considered  as  sixty-five. 

The  law  of  equivalents  applies  to  compound  substances 
equally  with  the  elements — the  equivalent  of  a  combining 
number  of  a  compound  being  always  the  sum  of  the 
equivalent  of  its  components. 

Thus,  since  water  is  composed  of  1  equivalent,  or  8  parts  of  oxygen,  and  1 
equivalent,  or  1  part  of  hydrogen,  its  combinlning  proportion  or  equivalent  is 
9.  The  equivalent  of  sulphuric  acid  is  in  like  manner  40,  because  it  is  a  com- 
pound of  1  equivalent,  or  16  parts  of  sulphur,  and  3  equivalents  of  oxygen; 
(:iX8— i24),  and  16-}-24— 40.     The  equivalent  number  of  potassium  is  39, 


Q^UEgnov. — ^DoeB  the  law  of  combination  hy  fixed  eqnivalents  extend  to  union  of  com- 
poand  mibstanoesf'  Illusferate  this. 
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and  as  this  element  combines  with  8  of  oxygen  to  form  potasli,  the  equiva* 
lent  of  the  latter  must  be  39-|-8— 4*7.  Now,  when  these  compounds  unite, 
one  equivalent  of  the  one  combines  with  one,  two,  three,  or  more  equivalents 
of  the  other,  precisely  as  the  elementary  substances  do.  For  example,  water, 
unites  with  potash  to  form  a  compound,  but  it  does  so  only  in  the  proportion 
of  9  to  47  ;  sulphuric  acid  also  unites  with  potash  to  form  a  compound  (sul- 
phate of  potash),  but  only  in  the  proportion  of  40  to  47. 

To  illustrate  the  advantage  in  practical  operations  of  employing  the  scale 
of  equivalents,  we  will  suppose  a  person  wishes  to  manufacture  sulphate  of 
potash,  which  is  one  of  the  ingredients  which  enter  into  the  composition  of 
alum.  Having  purchased  in  the  market  the  necessary  components  of  sulphate 
of  potash,  viz.,  sulphuric  acid  and  potash,  he  mixes  the  two  together,  accord- 
ing to  their  equivalents,  in  the  proportion  of  40  parts  (pounds,  ounces,  or 
tons)  of  sulphuric  acid  with  47  parts  of  potash.  The  result  is,  that  ofl  the 
sulphuric  acid  unites  with  ail  the  potash,  and  the  greatest  product  of  the  com- 
pound is  obtained.  I^  on  the  other  hand,  he  had  mixed  the  sulphuric  acid 
and  the  potash  in  any  other  than  the  above,  or  some  multiple  of  the  above 
proportions,  there  would  have  been  an  excess  or  deficiency  of  one  of  the 
ingredients,  and  consequently  a  loss  of  material  The  sulphate  of  potash 
formed  by  the  partial  combination  would  also  prove  to  be  an  imperfect  article, 
from  the  mechanical  mixture  of  the  excess  of  one  of  the  ingredients  through- 
out its  substance. 

Previous  to  the  discoveiy  of  this  law  of  equivalents,  at  about  the  com- 
mencement of  the  present  century,  it  could  only  be  ascertained  by  laborious 
trials,  how  much  of  one  chemical  substance  was  required  to  combine  with,  or 
replace  another.  It  is  now  only  necessary  to  refer  to  the  table  of  the  propor- 
tional, or  equivalent  numbers  to  ascertain  beforehand  the^uantity  to  be  em- 
ployed, 

262.  Equivalent  Volumes.— When  bodies  are  capable 
of  assaming  the  form  of  a  gas,  or  vapor,  and  ia  this  con- 
dition act  chemically  upon  and  combine  with  each  other, 
a  very  simple  ratio  prevails  between  the  quantities  which 
enter  into  combination,  measured  merely  by  their  bulk  or 
volume. 

Thus,  one  volume  of  a  gas,  which  may  be  distinguished  as  A,  unites  with 
one,  two,  or  three  volumes  of  B,  or  two  of  A  may  unite  with  three  of  B. 

If  when  two  gases  capable  of  union  by  contact  are  brought  together,  the 
volume  of  one  is  greater  than  its  combining  proportion,  the  excess  remains 
ancombined. 

The  volume  of  two  gases,  after  combination,  is  often  less  than  the  sum  of 


Questions. — Show  in  what  manner  the  law  of  equivalents  is  practically  applied  in  chem- 
ical operations  ?  What  is  understood  jay  equivalent  volumes  ?  Does  the  volume  of  the 
gases  always  remain  the  same  after  combination  ? 
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of  their  volumes  in  their  separate  state ;  or  in  other  words,  the  two  gases  or 
vapors,  by  the  act  of  union,  sometimes  experience  a  condensation. 

It  is,  however,  a  very  curious  feet,  that  when  such  a  diminution  of  the 
vobime  occi:^^  it  always  takes  place  in  a  simple  ratio  to  the  volume  of  one 
or  both  of  the  combining  gases.  Thus,  three  volumes  of  hydrogen  and  one 
of  nitrogen  unite  to  form  ammonia;  but  when  the  union  takes  place,  the  £)ur 
volumes  instantly  contract  to  two,  or  one  half  their  former  bulk  The  weighty 
however,  of  the  ammonia  formed  is  equal  to  the  united  weight  of  the  hydro- 
gen and  nitrogen  that  have  entered  into  its  composition. 

263.  Atomic  Theory . — A  consideration  of  the  facts  set  forth,  nat- 
urally suggests  the  inquiry, — Why  is  it  that  all  the  different  kinds  of  matter 
with  which  we  are  acquainted,  m  entering  into  chemical  combination  with 
each  other,  are  constrained  to  do  so  according  to  certain  fixed  weights  and 
volumes,  and  not  otherwise?  The  response  from  every  thinking  mind  will 
unhesitatingly  be  that  the  phenomena  in  question  must  originate  in  accordance 
with  some  great  law  or  principle  in  nature,  so  extensive  and  general  in  its 
character  as  to  affect  all  matter.  Experiment  and  observation  do  not,  and 
probably  can  not,  enable  us  to  say  definitely  what  this  law  is ;  but  a  carefiil 
consideration  and  comparison  of  all  the  &cts  in  the  case,  led  Dr.  John  Dalton, 
an  eminent  English  chemist,  about  the  year  1808,  to  propose  a  theory  which 
so  satis&ctorily  explains  the  remarkable  drcumstances  attending  chemical 
combination,  that  scientific  men  of  all  countries  receive  ii  as  substantially 
true.  This  theory  is  known  as  the  *^  Atomic  Theory,"  or  the  "  Theory  of 
Atoms." 

The  atomic  theory  supposes,  ia  the  first  instance,  that 
all  matter  is  composed  of  ultimate  particles,  or  atoms, 
which  are  incapable  of  subdivision.     {See  §  4,  page  10.) 

A  belief  in  this  hypothesis  dates  back  to  a  very  remote  period.  It  was  a 
doctrine  taught  by  that  sect  of  the  Greek  philosophers  known  as  the  Epicu- 
reans, and  during  the  middle  ages  it  formed  a  part  of  certain  theological  dog- 
mas maintained  by  parties  in  the  church.  In  more  modem  times,  it  received 
the  sanction  of  many  men  of  high  scientific  attainment,  as  Newton,  Bacon, 
and  others.*  These  opinions  (^n  not,  however,  be  regarded  in  any  other 
light  than  as  mere  speculations,  and  it  was  not  until  laborious  study  and 


*  "  It  aeem3  to  me,**  says  Sir  IsaAC  Newton,  "  that  in  the  heginning,  Ood  formed  mat- 
ter in  a  solid  mass  of  hard,  impenetrable  particles ;  and  that  these  primitive  particles 
being  solids,  are  incomparably  harder  than  any  porons  bodies  compounded  of  them  $  so 
rery  hard  as  never  to  wear  or  break  in  pieces,  no  ordinary  power  being  able  to  divide 
what  God  made  one  in  the  first  creation.** 


QnESTiOKB. — What  inqniry  naturally  arises  in  the  mind  from  a  consideration  of  the  facts 
•tat'Cd  f  According  to  what  theory  is  chemical  combination  explained  t  Who  proposed  this 
theory  ?  What  does  the  atomic  theory  suppose  in  the  first  instance  ?  Is  this  supposition  of 
recent  origin  f 

P 
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research  had  elevated  chemistry  to  the  rank  of  an  exact  science,  that  anj 
rational  evidence  upon  the  subject  could  be  appealed  to. 

The  atomic  theory,  as  proposed  by  Dalton,  further 
supposes,  that  the  atoms  of  each  separate  elementary  buI>> 
staace  have  all  the  same  characteristic  form  and  weight, 
and  that  when  combination  between  two  different  ele-. 
ments  takes  place,  one  or  more  atoms  of.  one  substance 
arrange  themselves  in  the  most  symmetrical  manner  pos- 
fiible  by  the  side  of  one  or  more  atoms  of  another  substance, 
and  thus  form  a  compound  atom. 

In  the  simplest  combination,  one  atom  of  one  substance  combines  with  one 
atom  of  another,  but  in  other  instances  the  proportion  may  be  as  1  to  2,  3,  4, 
and  5,  or  as  2  to  3,  5,  7,  eta  One  atom  of  one  kind  can  not  combine  with 
one  half  an  atom  of  a  different  kind,  or  with  any  other  fractional  part  of  an 
atom,  for  the  reason  that  no  such  quantities  exist — ^the  atoms  being  incapable 
of  division.  Hence  the  immutable  nature  of  all  compound  bodies  existing 
either  in  nature  or  art. 

Furthermore,  as  combination  of  different  substances  takes  place  atom  by 
atom,  and  as  the  atoms  of  each  substance  have  a  size  and  weight  peculiar  to 
themselves,  we  have  an  explanation  of  the  circumstance  that  the  chemieai 
union  of  quantities  of  different  kinds  of  matter  only  occurs  in  unchanging  pro- 
portions by  weight  and  volume — ^for  what  is  true  of  all  the  atoms  of  a  mass, 
must  be  true  of  the  whole. 

Again,  a  compound  atom  formed  by  the  union  of  two  dissimilar  atoms, 
must,  in  uniting  with  other  bodies,  necessarily  obey  the  same  laws  of  com- 
bination as  the  elementary  atoms,  and  be  in  turn  incapable  of  division,  since 
the  very  act  of  division  would  be  its  destruction,  so  far  as  its  compound  char- 
acter is  concerned. 

A  strong  argument  in  favor  of  the  truth  of  the  atomic  theory  is,  that  no 
reasonable  explanation  of  the  facts  pointed  out  can  be  given  by  the  adoption 
of  any  other  theory.  If  matter  is  infinitely  divisible,  and  if  atoms  have  no 
real  existence,  then  there  is  no  reason  why  bodies  should  not  combine  in  aU 
proportions.  One  grain,  ounce,  or  pound,  of  one  substance  ought  to  combine 
with  the  half,  quarter,  tenth,  hundredth,  and  every  other  proportion  of  a 
grain,  ounce,  or  pound,  of  some  other  substance,  so  as  to  form  an  infinite  num- 
ber of  compounds,  all  possessing  different  properties.  But  this,  as  has  been 
already  stated,  never  happens. 

Dr.  Dalton  was  also  the  first  who  conceived  clearly  the  idea,  that  from  the 

~   —  -  ■ 

Questions. — ^What  does  the  atomic  theory  of  Dalton  further  suppose  ?  How  does  tho 
immutable  character  of  chemical  compounds  necessarily  follow  from  the  admission  of 
these  views?  How  is  the  doctrine  of  equivalent  proportions  explained  by  the  atoroia 
theory?  What  is  a  strong  argument  in  favor  of  the  atomic  theory?  Can  the  relative 
weights  of  the  ultimate  atoms  be  inferred  from  the  r^^'^tiv'^  actual  weights  of  th«  ele- 
ments? 
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rtlatiye  actual  weights  of  the  elements  which  make  up  the  mass  of  any  com- 
pound, the  relative  weights  of  the  ultimate  atoms  themselves  might  be  in- 
inferred,  and  represented  numerically.  The  method  of  reasoning  and  deduc- 
tion by  which  this  result  is  arrived  at  is  as  follows: — 

It  is  obvious  that  if  we  can,  by  any  method,  exactly  fix  the  relative  weights 
of  the  atoms  of  a  few  of  the  great  elementary  bodies,  oxygon,  hydrogen, 
nitrogen,  carbon,  etc.,  we  can,  by  an  extension  of  the  process^  solve  the  ques- 
tion for  all  other  simple  bodies,  and  for  the  most  complex  compounds  into 
which  they  enter.  Now,  to  attain  this  result,  it  is  necessary  to  take  one 
point  as  granted — ^the  truth  of  which,  although  not  susceptible  of  absolute  de- 
monstration, is  yet  rendered  probable  by  many  concurrent  &cts.  This  once 
allowed,  the  process  becomes  one  of  simple  inductive  reasoning.  It  is 
assumed  that  when  two  elementary  substances  unite  in  several  proportions 
to  form  different  compounds,  that  the  combination  takes  place  in  the  first  or 
amplest  compound  in  the  proportion  of  one  atom  of  the  one  to  one  of  the 
otiicr;  in  the  second  compound,  of  one  atom  to  two  atoms;  in  the  third,  of 
one  to  three,  and  so  on. 

Let  us  next  examine  the  practical  application  of  this  suppositioa  Water, 
composed  of  oxygen  and  hydrogen,  is  found  to  contain  these  ingredients  in 
the  proportion  of  8  to  1  by  weight.  Assuming,  which  many  reasons  make 
probable,  that  it  is  their  simplest  form  of  union,  viz.,  of  atom  to  atom,  we  ob- 
tain at  once  the  relative  weight  of  the  ultimate  atoms  of  oxygen  and  hydro- 
gen— as  8  and  1  respectively. 

Again,  we  have  a  series  of  five  chemical  compounds  of  oxygen  and  nitro- 
gen, in  which  the  proportion  of  oxygen  increases  uniformly  in  tlio  ratio  of  the 
simple  nombcrs,  so  that  nitric  acid,  the  fifth  in  order  of  these  compounds,  con- 
tains exactly  five  times  the  weight  of  that  which  exists  in  the  protoxide  of 
nitrogen,  the  first  of  the  series.  Concluding  that  the  latter  is  the  simplest 
form,  and  consists  of  a  single  atom  or  combining  proportion  of  each  of  its 
elementi,  we  obtain,  by  andysis  of  this  gas,  the  relative  weights  of  8  and  14 
ibr  the  atoms  of  oxygon  and  nitrogen  composing  it.* 

Here  then  we  have  already  a  short  scale  of  proportions  fixed;  in  which 
hydrogen  is  the  unit,  oxygen  8,  and  nitrogen  14.  The  next  step,  in  complet- 
ing the  circle  of  combination,  furnishes  a  test  of  the  truth  of  these  results. 
Ammonia  is  a  compound  of  hydrogen  and  nitrogen ;  and  its  analysis,  exactly 


*  The  stadent  will  perhaps  be  able  to  obtain  a  clearer  idea  of  the  relation  of  weighta 
and  proportions  existing  ia  the  five  compounds  of  oxygen  and  nitrogen  from  the  follow* 
Ing  table. 

KELATIVB  WXIOHTB.  BKLATIVX  FBOPOBTIOirS. 

Nitrop^n.  Oxygen.  Nitrogen.  Oxygen. 

Protozyd  of  nitrogen, .14  8  1  1 

DeQtoxjd  of  nitrogen,     .....         14  16  1  8 

Nitrons  acid,        14  84  1  8 

HTponitric  add, 14  82  1  4 

Nitric  acid,        14  40  ;  6 

QuxsTZON. — How  is  this  concjasion  axrived  at  ? 
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made,  gives  propoitiona  of  the  two  whicb  inyolve  the  same  numbcra  as  were 
obtained  by  the  preceding  methoda 

This  test  obviously  beoomes  more  stringent  and  complete  as  we  extend  the 
nmnber  of  bodies  thus  brought  into  oonjonctionsy  and  find  the  relative  weighty 
so  determined  for  each,  strictly  maintained  in  all  their  forms  of  oombination. 
The  atomic  weight  of  sulphur,  for  instance^  is  found,  by  analysLs  of  its  com- 
pounds with  oxygen,  to  be  16.  Examining  its  simfdest  form  of  union  with 
hydrogen,  ui  sulphuretted  hydrogen,  the  proportion  is  found  to  be  exac^y  16 
to  1,  or  one  atom  of  each,  thus  verifying  the  reapective  numbers  before  ob- 
tained. In  a  like  manner  all  the  other  elementary  bodies  have  been  submit- 
ted, by  experiment,  to  the  same  law,  and  have  been  found  to  fiimish  proo& 
precisely  similar  in  kind.  Thus  the  circle  of  demonstration  has  been  contin- 
ually enlarged ;  the  evidence  increasing  in  a  geometrical  ratio  with  the  num- 
ber of  objects  brought  within  the  scope  of  inquiry.  The  conclusion  is  as  cer- 
tain and  complete  as  any  one  of  pure  mathematics;  or,  if  there  be  any  excep- 
tions, they  are  only  such  as  may  be  ascribed  to  imperfect  examination,  or 
some  other  cause  not  infringing  on  the  truth  of  the  fundamental  principle. 

From  what  has  been  stated,  it  follows  that  the  word 
atom  may  be  used  to  express  either  an  ultimate  individual 
particle  of  a  substance,  or  the  simplest  and  smallest  com- 
bining proportion  of  a  substance.  Indeed  it  is  customary 
in  chemical  works  to  employ  the  word  in  both  its  signifi- 
cations — atom  and  atomic  weights  expressing  the  same 
thing  as  equivalent  and  equivalent  weights. 

Many  other  curious  tacts  and  relations  have  been  discovered  since  the  first 
announcement  by  Dalton  of  the  atomic  theory,  which  present  strong  addi- 
tional evidence  of  the  correctness  of  his  viewa 

264.  Specific  Heat  of  Atom  8. — For  example,  there  appears  to  be 
a  relation  between  the  atomic  weight  of  a  body  and  its  capacity  for  heat 
Thus,  -the  atomic  weights  of  the  metals,  iron,  copper,  mercury,  and  lead,  are 
respectively  represented  by  the  numbers  28,  32,  100,  104.  Now  if  any  of 
these  four  metals  be  taken  in  these  relative  proportions,  it  will  require  the 
same  expenditure  of  heat  to  make  them  equally  hot:  104  pounds  of  lead  can 
be  heated  up  to  212^,  for  example,  by  burning  the  same  amount  of  alcohol 
which  will  heat  100  pounds  of  mercury,  32  of  copper,  or  28  of  iron.  A  simi- 
lar correspondence  is  also  known  to  exist  between  the  atomic  weights  and 
the  capacity  for  heat  of  tin,  zinc,  nickel,  cobalt,  gold,  platinum,  sulphur,  and 
tellurium,  and  according  to  some  authorities,  the  correspondence  extends  to 
all  the  elements.  If  this  last  supposition  is  true  (which  is  not  proved),  the 
determination  of  the  specific  heat  of  a  substance  would  also  affi»d  the  means 
of  knowing  its  atomic  weight  and  combining  equivalent     Compound  atoms 

QuKSTTOirB.— >8inee  the  announcement  of  the  atomic  theory,  have  any  chvunutoneea  con- 
flnnatory  of  its  correetneM  been  diaooyered  f  la  there  a  relation  betireen  the  atomit 
veight  of  an  element  and  its  eaptelty  for  bsfttf 
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have  also^  in  some  instances,  been  proved  to  have  the  same  lelationB  to  heat 
as  the  simple  atoms  composing  them. 

There  has  also  an  interesting  relation  been  traced  between  the  atomio 
weights,  the  specific  gravities,  and  the  combining  measures  or  volumes  of 
those  elements  which  exist  in  the  gaseous  state,  or  are  capable  of  assuming 
it  For  example,  a  cubic  foot  of  nitrogen  weighs  just  14  times  as  mudi  as 
a  cubic  foot  of  hydrogen  ;  a  cubic  foot  of  chlorine  36  times  as  much ;  of 
bromine,  80  times  as  much ;  of  oxygen,  16  times  as  much ;  and  the  same 
measure  of  the  vapor  of  iodine,  127  times  as  much.  Now,  these  numbers  ro» 
■pectivelj  represent  the  density  or  spedfio  gravity  of  these  gases,  compared 
with  hydrogen  as  unity;  and  they  also  represent  the  atomic  weights^  or  coni- 
bining  equivalents,  of  these  several  elements,— with  the  exception  of  oxygen, 
which  18  double. 

It  is  important  ibr  the  student,  in  the  consideration  of  the  whole  subject, 
to  clearly  distinguish  between  the  doctrine  of  chemical  combination  by 
equivalents,  or,  as  it  is  often  termed,  "  by  atomio  weight,"  and  the  atomio 
theory.  The  first  is  a  truth  independent  of  all  theory,  and  rendered  manifest 
to  our  comprehension  by  experiment  and  practical  demonstration.  The 
atomic  constitution  of  matter,  on  which  the  law  of  combination  by  propor- 
tions is  supposed  to  depend,  can  not,  on  the  other  hand,  be  proved  by  ex- 
periment, and  still  remains,  and  probably  ever  must  remain,  in  the  condition 
of  a  highly  probable  theory.  The  most  subtUe  and  refined  analysis  has  never 
yet  enabled  any  one  to  isolate  an  indivisible  portion  of  matter,  or  even  to 
adduce  any  direct  evidence  of  the  absolute  existence  of  matter  in  this  condi- 
tion.* 


*  Experimental  researches  have,  hoverer,  in  some  instances  heen  made  with  a  rlow  of 
obtaining  Information  on  this  subject  Dr.  Thompson,  of  England,  from  certain  assumed, 
but  probable  data,  estimated  an  atom  of  lead,  which,  according  to  the  table  of  eqaira- 
lents,  is  104  limes  larger  than  an  atom  of  hydrc^ien,  as  onlf  1 -810,000,000,000th  of  a  grain. 
Ehrenbeiir,  the  eminent  microacopist,  has  proved  that  the  sise  of  atoms,  if  they  exist, 
must  be  less  than  1-6,000,000  of  a  line  in  diameter,  a  line  being  assumed  as  l-12th  of  an 
inch.  More  recently.  Professor  Faraday  has  endeavored,  through  the  agency  of  light,  to 
obtain  some  evidence  of  the  existence  of  atoms.  (See  observations  on  divided  gold,  Lon^ 
don  PfUL  Mag.,  1866-67,  also  Annual  qf  SeienUfle  Diaeooery,  1867.53.)  The  only  posi- 
tive  result  attained  to  was,  to  demonstrate  that  metallic  gold,  distributed  mechanically 
thron^ont  a  liquid  in  particles  so  minute  as  to  defy  detection  by  the  most  powerful  ml- 
enMOope,  still  retained  its  general  physical  properties. 

Concerning  the  form  of  atoms  two  views  are  entertained.  According  to  one  hypothesio, 
atoms  have  the  same  form  as  the  fragments  obtained  by  splitting  a  crystallized  body  in 
the  direction  of  its  lines  of  cleavage.  (See  p.  66.  f  78.)  Antimony,  which  may  be  cleft  in 
directions  parallel  to  the  faces  of  an  acute  rhombohedron,  is  resolved  by  this  mode  of  di- 
vision into  sdmilar  rhombohedrons  of  continually  smaller  and  smaller  dimensions ;  and  if 
we  conceive  the  deavage  to  be  carried  to  the  utmost  possible  limit,  the  smallest  rhombo- 
hedrons thus  obtained  will  be  the  atoms  of  antimony.    Other  substances,  in  like  manner. 


QunftiOMTS. — ^Is  there  any  relation  between  the  atomio  weight,  the  specific  gravity,  and 
eomMning  volume  of  eertain  elements  ?  What  dear  distinction  should  be  made  between 
the  atomie  theory  and  the  law  of  equivalent  proportions  ) 
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265.  Chemical  Nomenclature  and  Symbols.— Chemists 
recognize  three  great  classes  of  substances,  viz.,  Acids, 
Bases,  and  Suits. 

Acids. — The  common  idea  of  an  acid  is,  a  substance  so- 
luble in  water,  which  possesses  the  property  of  sourness, 
and  which  exerts  such  an  action  on  vegetable  blue  colors 
as  to  change  them  to  red.  The  chemist,  however,  disre- 
gards these  properties,  and  considers  all  those  substances 
to  be  acids  which  enter  into  combination  with  bases  to 
form  salts. 

Yinegar,  oil  of  vitriol  or  sulphuric  acid,  and  aquafortis  or  nitric  acid,  are  &- 
miliar  examples  of  the  class  of  acida 

Bases. — A  substance  which  is  capable  of  entering  into 
combinaiion  with  an  acid,  and  by  so  doing  destroys,  or 
neutralizes  its  properties,  is  called  a  Base.  The  bases  in- 
clude those  substances  known  as  the  allralies,  beside  many 
other  bodies  of  entirely  different  character.  • 

Alkalies. — An  alkali  is  a  substance  possessing  many 
qualities  exactly  the  reverse  of  those  which  belong  to  an 
acid.  It  dissolves  in  water,  and  produces  a  liquid,  soapy 
to  the  touch.  It  has  an  acrid,  nauseous  taste,  and  restores 
the  blue  color  to  vegetable  extracts  which  have  been  pre- 
viously reddened  by  acid. 

Potash,  aoda,  and  hartshorn  or  ammonia^  are  instances  of  well-known 
alkalies. 

Salts. — Any  compound  produced  by  the  union  of  an  acid 
and  a  base  is  termed  a  Salt. 

By  the  voltaic  pile,  salts  are  decomposed  intd  acids  and  hases,  the  acids 
going  to  the  positive  pole,  and  the  bases  to  the  negative.    We,  therefore,  call 


ftdmit  of  dcay&ge  into  cubes,  prismB,  etc  This  yiew  of  the  form  of  atoms  offers  the 
easiest  explanation  of  the  regular  crystalline  form,  and  the  cleavage  of  dmple  sabstanceSb 
The  second  hypothesis  supposes  that  atoms  have  a  spherical  form ;  and  that  regular 
crystalline  forms  are  occasioned  by  the  peculiarity  of  their  arrangement  in  varying  num- 
bers and  angles.  Thus,  4  spheres  forming  a  base,  and  4  placed  perpendicularly  over 
them,  may  form  a  cube ;  2  or  4  layers  of  3  each  would  give  a  prism,  and  so  on. 

• 

QuESTiOKB. — ^What  three  great  classes  of  substances  are  recognized  by  chemists  ?  What 
is  an  acid?  What  are  examples  of  acids?  What  are  bases?  Define  an  alktriL  What 
are  examples  of  alkalies  ?  What  are  salts  ?  In  the  decomposition  of  a  salt  by  the  Y<Ataio 
pile,  how  do  its  constituents  distribute  thenkaelyes  ? 
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the  acid,  in  reference  to  its  electrical  character,  the  electro-negative  constitu- 
ent of  a  salt,  and  the  base  the  electro-positive. 

Some  of  the  properties  of  acids  and  alkalies  may  be  experimentallj  illus- 
trated by  means  of  a  colored  vegetable  solution,  such  as  the  purple  liquid 
prepared  by  slicing  a  red  cabbage  and  boiling  it  in  water.  If  a  quantity  of 
this  infusion  be  divided  into  two  portions,  and  to  the  one  be  added  a  httle 
weak  sulphuric  acid,  a  red  liquid  will  be  obtained.  If  to  the  other  a  solution 
of  an  alkali  be  added,  as  potash  or  soda,  a  liquid  of  a  green  color  is  formed. 
On  gradually  adding  the  alkaline  solution  to  the  other,  stirring  the  mixture 
constantly,  the  green  color  of  the  portions  first  added  iastantly  disappears,  and 
the  whole  liquid  remains  red ;  as  more  and  more  of  the  solution  containing 
'the  alkali  is  added,  the  red  by  degrees  passes  into  purple,  and  on  continuing 
to  add  it,  a  point  is  reached  when  the  original  red  liquid  acquires  a  clear  blue 
tint.  At  this  moment  there  is  neither  free  alkali  nor  free  acid  in  the  liquid,  for 
the  two  have  chemically  united  with  each  other,  and  have  lost  their  charac- 
teristic properties.  If  the  solution  be  now  evaporated  at  a  gentle  heat,  a 
solid  crystalline  substance  is  obtained,  resulting  fh)m  the  combination  of  the 
sulphuric  acid  with  the  potash.  This  substance  is  a  salt,  and  is  called  sul- 
phate of  potash.* 

The  acids  and  the  alkalies  are  both  remarkable  for  their  great  chemical 
activity.  The  acids  dissolve  all  the  metals,  even  the  most  compact.  They 
also,  except  when  very  weak,  destroy  the  skin  and  nearly  all  animal  and 
vegetable  substancea  The  action  of  the  alkalies,  especially  potash  and  soda, 
is  no  less  marked.  They  destroy  the  skin,  if  allowed  to  remain  on  it,  and 
gradually  remove  the  glaze  from  vessels  of  glass  and  earthen-ware  which 
contain  them.  They  also  quickly  remove  paint  from  the  surface  of  any 
object  upon  which  their  solutions  &1I.  But  the  most  remarkable  property  of 
adds  and  alkalies,  is  the  power  which  they  have  of  uniting  with  each  other, 
and  destroying,  or  neutralizing  the  chemical  activity  which  distinguishes  them 
when  separate. 

No  simple  or  elementary  substance  has  the  properties  of  either  an  acid  or 
alkalL  Consequently,  all  acids  and  alkalies  are  compounds  of  two  or  more 
elements. 

266.  Nentral  Bodies. — A  substance  which  possesses 
neither  the  properties  of  an  acid  nor  a  base,  is  termed 
neutral. 

*  In  practical  chemistry,  a  bine  subBtanoe,  called  '*  litmus,**  extracted  from  a  species 
of  lichen,  is  used  eztenRirely  for  determining  the  presence  of  an  acid  or  alkali.  Paper, 
colored  bine  with  the  tincture  of  litmus,  is  instantly  changed  to  red  by  contact  with  the 
moat  minute  quantity  of  an  acid  in  solution ;  and  the  red  color  thus  obtained  is  as  quickly 
destroyed,  and  the  original  blue  restored  by  the  action  of  an  alkalL  Little  strips  of 
blue  and  red  pai)er  thus  prepared,  are  kept  constantly  on  hand  in  the  laboratory,  and 
are  designated  as  **  test  papers.** 

QmstiONS. — How  may  the  properties  of  the  adds  and  alkalies  be  illustrated  ?  What 
are  the  characteristic  properties  of  adds  and  alkalies  ?  Does  any  simple  substance  possesa 
the  properties  of  an  acid  or  alkali  ?    What  are  the  neutral  bodies  ? 
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Water  is  the  perfection  of  a  neutral  substance,  although,  in  some  instanoee^ 
it  may  supply  the  place  of  an  acid  or  a  base. 

267.  Origin  of  Chemical  N  omen  data  re. — The  prindplea 
upon  which  chemical  nomenclature  is  founded,  were  established  by  a  com- 
mittee of  the  French  Ao^iemy  in  1787.  It  was  found  that  owing  to  the 
rapid  progress  of  science,  the  number  of  new  chemical  substances  increased 
so  fast,  that  unless  some  uniform  system  of  naming  and  classifying  were 
adopted,  the  most  inextricable  confhsion  would  result  The  committee,  there- 
fore^ devised  a  nomenclature  which  aims  not  merely  to  give  a  distinguishing 
name  to  the  substances  spoken  of)  but  also  to  convey  a  knowledge  of  their 
components,  and  even  of  the  proportions  in  which  those  components  occur. 
Tliis  object  was  in  a  great  degree  attained  to,  and  the  system  then  Instituted 
remains  in  use,  so  fieur  as  its  essential  features  are  concerned,  to  the  present 
day. 

268.  Homenclatnre  of  the  Elements . — ^The  elements whid> 
have  been  known  fix)m  the  most  remote  period  retain  their  conmion  names^ 
and  also  their  liatin  names,  to  a  considerable  extent — as  for  example.  Iron 
(Femim),  Gold  (Aurum),  Copper  (Cuprum),  Mercury  (Hydragyrum),  Silver 
(Argeutum),  Lead  (Plumbum),  Tin  (Stannum).  If  the  element  has  been  made 
known  in  modem  times  through  chemical  research,  the  name  it  bears  gener- 
ally indicatas  some  distinguishing  feature  by  which  it  is  characterized :  thus, 
Phosphorus  (from  the  Greek  0<jf,  light,  and  ^epu  to  bring),  from  its  property 
of  shining  in  the  dark;  Chlorine  (from  x^-f^poit  green),  from  its  peculiar  color; 
Bromine,  from  ppdiio^^  a  stench,  eta  To  the  recently  discovered  metals,  a 
common  termination  in  urn  has  been  assigned,  as  Platinum,  Palladium,  Iridium, 
Potassium,  Sodium,  Aluminum,  etc 

269.  Nomenclatnre  of  Componnds. — ^When  two  elements  unite, 
the  product  is  called  a  binary  compound  (from  his,  twice) ;  thus,  wat^,  com- 
posed of  oxygen  and  hydrogen,  sulphuric  acid,  composed  of  oxygen  and  sul- 
phur, and  oxyd  of  iron,  composed  of  oxygen  and  iron,  are  examples  of  binary 
compounds. 

Compounds  of  binary  combinations  with  each  other,  as  sulphuric  add  with 
oxyd  of  iron,  are  called  ternary  compounds  (from  (er,  thrice),  three  elements 
being  concerned.    Most  of  the  minerals  are  ternary  oompounds. 

Combinations  of  salts  with  each  other  are  named  quakrnary  compounds, 
or  double  salts.  Alum  is  an  example,  being  a  compound  of  sulphate  of  potr 
ash  and  sulphate  of  aluminum. 

Compounds  of  oxygen  are  termed  oxyds.  Thus  water 
is  an  oxyd  of  hydrogen,  iron-rust  an  oxyd  of  iron. 

The  binary  compounds  of  chlorine,  bromine,  iodine,  fluorine,  and  several 
other  elements  which  resemble  oxygen  in  their  mode  of  combination,  are 

Questions. — WtaX  was  the  origin  of  the  chemical  nomenclature  now  in  use  ?  What  is 
the  general  nomendatnre  of  the  elements?  What  are  binary  compounds?  What  are 
szaraides?  What  are  ternary  compounds?  Give  examples.  What  are  quaternary 
compounds ?  What  are  examples?  What  are  compounds  of  oxygen  called  ?  What  the 
compounds  of  chlorine,  iodine,  fluorine,  eta  ? 
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distingoished  by  the  final  termination  ide.  Thus  chlorine  forms  chlorides ; 
iodine,  iodides;  fluorine,  fluorides;  sulphur,  sulphides,  etc.* 

When  oxygen  combines  with  the  same  element  in  more  than  one  propor- 
tion, forming  difierent  oxyds,  the  several  combinations  are  distinguished  from 
each  other  by  the  use  of  prefixes.  Thus,  the  first  oxyd,  or  the  one  which 
contains  but  one  equivalent  of  oxygen,  is  known  as  the  Protoxide  (from  the 
Greek  ir/tHjrof ,  the  first) ;  the  compound  cf  two  proportions  is,  in  like  manner, 
derignated  as  the  deutoxyd  (rfwrepof,  double),  and  also  as  the  binoxyd  (/?£, 
doable) ;  the  compound  c£  three  proportions  is  also  known  as  the  tritozyd 
{rpiTo^,  third). 

The  oxyd,  also,  which  contains  the  largest  proportion  of  oxygen  with 
which  the  body  is  known  to  unite,  is  termed  the  peroxyd.  In  like  manner, 
the  highest  combinations  of  chlorine,  sulphur,  iodine,  etc.,  are  termed  per- 
chlorides,  persulphides,  periodides. 

For  example,  oxygen  unites  with  hydrogen  in  two  proportions :  the  first 
combination  is  the  protbxyd  of  hydrogen  (water) ;  the  second  and  highest 
is  the  peroxyd.  Again,  with  manganese,  oxygen  unites  in  three  propor- 
tions :  the  first  is  termed  the  protoxyd,  the  second  the  deutoxyd,  or  binoxyd, 
and  the  third  the  peroxyd. 

With  some  elements  oxygen  enters  into  combination  in  the  proportion 
of  3  to  2,  or  in  the  ratio  of  1^  of  oxygen  to  1  of  the  element.  Such  a  com- 
pound is  termed  a  sesquioxyd  (fix>m  the  numeral  sesqui,  once  and  a  half). 
Certain  other  oxygen  compounds  are  formed  in  the  proportion  of  2  of  the 
element  to  I  of  oxygen ;  such  are  termed  suboxyds,  as  the  suboxyd  of 
copper. 

When  the  compounds  formed  by  the  union  of  oxygen  with  the  different 
elements  possess  an  add  character  (as  very  many  of  them  often  do),  a  difierent 
plan  is  adopted  to  mark  this  peculiarity.  The  compound  is  then  termed  an 
acid,  and  its  name  is  derived  from  the  substance  which  combines  with  the 
oxygen,  with  the  termination  tc  added.  Thus,  sulphur  with  oxygen  gives  sul- 
phuric add ;  carbon  with  oxygen,  carbontc  acid ;  and  phosphorus  with  oxygen, 
phosphonc  acid.  It  frequently  happens,  however,  that  an  element  forms 
more  than  one  add  with  oxygen.  When  this  is  the  case,  the  termination  ie 
is  applied  to  the  strongest  acid,  and  ous  to  the  weaker.  Thus  we  have  sulphuric 
and  sulphurous  adds,  nitric  and  nitrous  acids. 

The  salts  which  these  and  other  similar  acids  form  by  uniting  with  bases, 
are  named  in  an  equally  simple  manner,  the  acid  supplying  the  generic,  and 
the  base  the  specific  dame :  the  ous  termination  of  the  add  is  also  changed 
into  itCf  and  ic  termination  into  aU,    Thus,  sulphite  of  soda,  nitrite  of  potassa^ 


*  Binary  eompoands  of  Bulphar,  phospboras  and  carbon,  are  also  rery  generaUy  known 
by  the  terminatioa  urst,  as  sulphoret  of  iron,  carbaretted  hydrogen,  etc 


QUX8TIOX& — ^How  are  the  first,  second  and  third  ozyds  distingaiahed  t  What  is  a  per- 
oxyd? What  is  a  protoxyd?  Whatisa  perehloride?  What  is  a  binoxyd  ?  Whatara 
setquioxyds  ?  What  are  suboxyds  ?    How  are  acid  oompomids  of  oxygen  named  ? 
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sulphate  of  soda,  and  nitrate  of  potassa^  are  salts  respectivelj  of  solphurous, 
nitrous,  sulphuric  and  nitrio  acids.* 

This  nomenclature  served  to  distinguish  these  adds  and  their  salts  until,  as 
the  sdence  of  chemistry  advanced,  a  compound  of  oxygen  and  sulphur  was 
discovered  containing  less  oxygen  than  the  sulphurous,  and  then  a  new  name 
was  required ;  it  was  therefore  called  hypaetUphuroua  acid,  and  the  salt  formed 
with  it  is  termed  a  hypoaulpkUe  (from  the  Greek  vTrd^  under) ;  so  also,  when 
an  acid  was  discovered  containing  less  oxygen  than  the  sulphuric,  but  more 
than  the  sulphurous,  it  was  called  hyposulphuric,  and  its  salt  a  hyposulphate. 
In  some  cases  acids  have  been  discovered  containing  more  oxygen  than  those 
already  named  with  terminations  in  ic;  to  these  the  prefix  hyper  (fix>m  the 
Greek  lirip,  over)  is  attached.  Thus  chloric  add  was  for  a  very  long  time 
the  highest  oxygen  compound  with  chlorine,  but  another  still  higher  is  now 
known.  The  last,  therefore,  is  designated  as  hyperchloric^  and  sometimes  as 
perchloric  add.    Its  salts  are  called  hyperchloratea 

270.  Classification  of  Acids  i — It  was  once  supposed  that  the  pres- 
ence of  oxygen  in  a  substance  was  essential  to  its  acidity,  but  the  progress  of 
research  has  revealed  the  existence  of  adds  which  are  entirely  wanting  in 
oxygen.  Most  of  the  adds  which  are  wanting  in  oxygen  contain  hydrogen 
in  its  place.  They  are  distinguished  by  prefixing  to  them  the  word  hydroj 
as  an  abbreviation  for  hydrogen.  Thus,  chlorine  and  hydrogen  form  an  add, 
hydrochloric  add,  often  called  muriatic  acid ;  cyanogen  and  hydrogen  form 
hydrocyanic  acid,  or  prussic  add ;  sulphur  and  hydrogen  form  hydrosulphuric 
acid,  etcf  Somo  chemists,  especially  the  French,  transpose  these  terms; 
they  speak  of  chlorohydric,addcyanhydric  acid,  sulphydric  acid,  etc.  There 
is  an  advantage  in  this  alteration,  as  it  avoids  any  ambiguity  which  might 
arise  from  the  use  of  the  prefix  hydro,  which  has  sometimes  been  applied  to 
compounds  which  contain  water. 

271.  Classification  of  Salts . — ^In  the  early  days  of  chemistry, 
the  term  salt  was  applied  to  all  substances  indifferently,  which  resembled  com- 
mon salt  in  appearance  and  properties.  SubsequenUy,  the  use  of  the  term 
was  restricted  to  those  compounds  only  which  were  formed  by  the  union  of 
an  add  and  a  base :  but  when  chemical  knowledge  had  still  further  progressed, 


*  It  may  here  be  well  to  caution  those  who  are  jast  commencing  the  stady  of  chemistry, 
of  the  necessity  of  dlstingaishing  clearly  between  compounds  such  as  the' sulphites  and 
the  sulphates,  or  the  sulphides  and  the  sulphites.  Sulphide  of  sodium  is  a  binary  com- 
pound of  two  elementary  bodies,  sodium  and  sulphur ;  sulphite  of  soda  is  a  more  oomfdez 
compound,  formed  by  the  union  of  sulphurous  acid  and  the  ozyd  of  sodium  (soda) ;  sul- 
phate of  soda  is  formed  by  the  union  of  sulphuric  acid  and  soda. 

t  The  acids  formed  by  the  union  of  sulphur  and  arsenic  with  hydrogen  are  also  very 
commonly  known  as  sulphuretted  hydrogen,  and  arseniuretted  hydrogen. 

QuKSTionB. — ^How  are  the  different  add  comiraunds  distingnished  ?  How  are  salts 
named  ?  What  gives  the  generic  and  what  the  specific  name^to  a  salt  ?  How  do  acids  in 
forming  salts  change  their  terminations  ic  and  otM?  What  do  the  prefixes  hypo  and 
hyper  designate  ?  Is  the  presenoe  of  oxygen  essential  to  the  existence  of  an  add  ?  What 
element  generally  supplies  Che  place  of  oxygen  in  adds  wanting  this  element  ?  How  ar« 
hydrogen  adds  named  ? 
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it  was  found  that  if  this  definition  was  rigidly  enforced,  it  would  exclude  from 
the  class  of  salts  a  considerable  number  of  compounds  which  possess  the 
physical  characteristiGS  of  a  salt  in  a  most  emuient  degree.  Among  these 
was  coDunon  salt  itself  which,  although  the  type  of  all  salts,  is  not  a  com- 
pound of  an  acid  or  a  base,  but  a  compound  of  two  elements,  chlorine  and 
sodium.  In  like  manner,  the  compounds  of  iodine,  bromine,  and  fluorine 
with  the  metals,  possess  in  a  very  high  degree  the  saline  character.  To  ob> 
yiate,  therefore,  the  somewhat  startling  proposition,  that  common  salt  is  no 
salt  at  all,  and  to  avoid  doing  violence  to  a  long  received  and  expressed  com. 
mon  idea,  two  classes  of  salts  were  established. 

The  first  class  includes  all  those  binary  compounds  whidi,  like  common 
salt,  are  formed  by  the  direct  union  of  a  metal  with  some  other  substance, 
called  a  salt  radical,  as  chlorine,  fluorine,  bromine,  etc  Compounds  of  this 
character  are  termed  Haloid  Salts. 

Radical . — ^The  term  radical  in  chemistry,  is  generally  applied  to  any 
substance,  simple  or  compound,  which  can  unite  with  hydrogen  to  form  an 
a^id  compound,  and  with  a  metal  to  form  a  salt 

The  second  class  includes  all  those  salts  formed  by  the  union  of  an  acid 
and  a  base.*    These  are  termed  oxy-salts,  or  oxygen  acid  salts. 

Many  of  the  compounds  of  sulphur  with  the  metals,  as  the  compound  of 
sulphur  and  potassium,  also  possess  a  saline  character,  and  are  termed  sul- 
phur salta 

Such  in  general  are  the  principles  of  chemical  nomenclature,  as  established 
by  the  Committee  of  the  French  Academy.  As  before  said,  the  object  of  the 
inventors  of  this  language  was  not  only  to  give  a  distinguishing  name  to  the 
Tubstances  spoken  of,  but  also  to  convey  a  knowledge  of  its  chemical  compo- 
Vition.  That  this  has  been  accomplished  in  a  great  degree,  will  be  evident 
linom  one  or  two  illustrations.  Thus,  the  name  bi-chromate  of  potash  indicates 
by  simple  inspection  that  the  substance  is  an  oxygen  acid  salt,  composed  of 
chromic  acid  and  potash,  the  prefix  bi  showing  that  the  equivalent  or  pro- 
portion of  acid  to  base  is  as  two  to  ore.  Again,  the  name  permanganate  of 
potash  indicates  a  compound  of  manganic  acid  and  potash,  and  the  prefix  per 
shows  that  the  acid  in  question  is.the  highest  oxygen  compound  of  mangan- 
ese known* 

272.  Symbols . — Although  the  chemical  nomenclature  in  use  is  most 
convenient,  and  perhaps  as  perfect  in  principle  as  the  nature  of  our  language 


•  A  beautifai  illastration  of  the  nniversalitf  of  tho  law,  that  bodies  replace  each  other 
(a  combination  in  fixed  equivalent  quantities,  is  found  in  the  combination  of  salts.  Thus, 
Jrhen  equivalents  of  two  neutral  salts,  which  are  capable  of  decomposing  each  other,  are 
brought  into  chemical  contact  with  each  other,  the  two  bases  exchange  acids  by  an  exact 
compensation ;  the  original  compounds  are  altogether  lost,  and  two  new  salts  evolved, 
without  either  loss  or  addition  of  any  kind  in  the  process. 

QimsTiONB. ^What  two  classes  of  salts  have  been  recognized  in  diemistry  ?    What  are 

haloid  salts?  What  are  oxysalts?  What  are  sulphur  salts ?  Tllnatratts  by  example  the 
manner  in  which  the  chemical  name  of  a  substance  indicates  its  composition.  What  is 
the  necessity  of  using  symbols  in  chemistry? 
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will  allow,  yet  the  impracticability,  in  many  cases,  of  contriving  conTenieni 
names  ezpressiye  of  the  constitution  of  many  complex  chemical  compoonds 
(the  existence  of  some  of  which  was  not  known  or  even  anticipated  by  the 
inventors  of  chemical  language),  has  led  to  the  employment  of  symbols. 
These  constitute  a  species  of  short-hand,  which  not  only  supplies  all  de- 
ficiencies of  the  nomenclature,  but  enables  us  to  represent  to  the  eye,  and 
describe  wilh  mathematical  accuracy  and  rapidity  the  known  composition  of 
every  chemical  substance,  and  the  changes  which  it  may  undergo.  The  em- 
ployment of  symbols  has  now  become  universal,  and  is  also  indispensable  to 
both  teacher  and  student  in  the  Etudy  of  chemistry. 

273.  Symbols  of  Elements.— It  has  been  agreed  by  all 
chemists  to  use^  as  symbols  of  the  elements^  the  first  let- 
ter  of  their  Latin  names.  When  two  or  more  names  com- 
mence with  the  same  initial^  a  second  distinguishing  letter 
is  added. 

In  the  table  of  elementaiy  bodies,  the  symbol  of  the  several  elements  will 
be  found  opposite  to  their  names. 

The  symbols,  when  used  singly,  represent  not  merely  the  element  for  which 
they  stand,  but  one  equivalent  of  that  element  Thus,  the  symbol  O  stands 
not  for  oxygen  in  general,  but  for  one  equivalent  of  oxygen,  or,  hydrogen 
being  unity,  for  the  number  8.  H,  in  like  manner,  stands  for  one  equivalent 
of  hydrogen,  and  the  number  1 ;  C  for  one  equivalent  of  carbon,  and  the 
number  6 ;  Pb  for  one  equivalent  of  lead,  and  the  number  104. 

If  more  than  one  equivalent  of  a  body  has  to  be  expressed,  it  is  signified 
either  by  writing  a  small  figure  to  the  right  of  the  symbol,  and  generally  be- 
low the  line.    Thus — 

Os  stands  lor  2  equivalents,  or  IG  of  oxygen. 
Oi         "        6  "  or  40      " 

The  same  may  be  represented  also  by  prefixing  the  number  to  the  symbol, 
as  20,  50. 

The  symbol  may  also  be  considered  as  representing  the  atomic  constitution 
of  a  body.  For  example,  0  stands  for  one  atom  of  oxygen  as  well  as  for 
one  equivalent ;  0»  for  two  atoms ;  Os  for  five  atoms. 

274.  Symbols  of  Componnds.— In  order  to  form  the 
symbol  of  a  compound^  we  unite*  the  symbols  of  the  ele- 
ments of  which  it  consists,  one  after  the  other,  indicating 
by  means  of  figures  the  number  of  each  which  have  en- 
tered into  combination. 

Thus,  HO  is  the  symbol  of  water,  a  compound  consisting  of  one  equivalent, 
or  1  of  hydrogen,  and  of  one  equivalent,  or  8  of  oxygen ;  SOs  is  the  symbol 

QuBSTioNs. — ^Wluct  BTmbols  are  naed  to  designate  the  elements  ?  What  does  a  single 
■ymbol  of  an  element  represent  ?  Hoir  are  several  equivalents  of  an  element  represented 
by  symbols  ?    How  is  the  constitution  of  compounds  represented  by  symbolcf 
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of  sulphuric  acid,  a  compound  consisting  of  one  equivalent,  or  16  of  sulphur, 
and  three  equivalents,  or  24  of  oxygen.  C19  Hn  On  is  the  symbol  of  com- 
mon sugar,  a  compound  consisting  of  twelve  equivalents  of  carbon,  eleven 
equivalents  of  hydrogen,  and  eleven  equivalents  of  oxygen. 

A  collection  of  symbols  indicating  the  constitution  of  compounds,  is  called 
a  formula 

Compounds  united  with  compounds,  such  as  salts,  are  expressed  in  a  simi- 
lar manner^  the  base  of  the  salt,  or  the  electro-positive  element,  being  always 
placed  first.  Thus»  sulphuric  acid  has  the  formula  SOi,  and  oxyd  of  iron, 
that  of  FeO,  consequently  the  formula  FoO-f-SOs  will  represent  one  equiva- 
lent of  sulphate  of  the  protoxyd  of  iron.  Frequently  a  comma  is  placed  be- 
tween the  two  compounds  instead  of  the  algebraic  sign  -{•,  Thus,  sulphate 
of  iron  may  be  written  FeO,  SOt.  This  mode  is  usually  adopted  to  express 
a  more  intimate  union  than  when  the  sign  -|-  is  used.  Thus,  SOa^  H0,-|-2  HO 
indicates  that  an  equivalent,  or  compound  atom  of  sulphuric  add  has  united 
with  three  equivalents  of  water,  two  of  which  are  loosely  retained,  and  one 
very  strongly. 

Where  it  is  necessary  to  indicate  more  than  one  equivalent  of  a  compound, 
the  whole  formula  of  that  compound  is  included  in  a  bracket,  and  preoeded 
by  the  indicating  number.  Thus,  three  equivalents  of  sulphate  of  iron  would 
be  written  3[Fe0,  SOs].  The  figure  prefixed  multiplies  nothing  beyond 
the  symbols  included  within  the  bracket  Thus,  in  the  formula  for  crystal- 
lized alum:— 

Al,  Os,  3[S0,]+K0,  SO,+24  HO, 
the  3  which  precedes  S  Os  only  indicates  that  three  equivalents  of  sulphuric 
acid  are  present    Frequently  the  employment  of  brackets  is  neglected,  and 
then  the  figures  multiply  aU  the  symbols  included  between  them  and  the  next 
comma  or  sign  of  addition. 

275.  Reactions  and  Reagents.— The  various  chemical 
changes,  to  which  all  matter  is  more  or  less  liable,  are 
termed,  in  the  language  of  chemistry,  reactions  and  the 
agents  which  cause  these  changes,  reagents. 

In  addition  to  the  information  which  symbols  convey  relative  to  the  com- 
position of  the  substances  for  which  they  stand,  they  can  also  be  so  combined 
in  the  form  of  equations,  as  to  show  in  the  most  perfect  manner  the  various 
products  which  result  firom  chemical  reactions.  For  this  purpose,  the  symbols 
of  the  substances  involved  in  the  reactions  are  placed  together,  so  as  to  form 
one  side  of  the  equation,  and  the  symbols  of  the  products  resulting  firom  the 
reactions  on  the  other  side.  But  as  not  the  smallest  particle  of  matter  can  be 
annihilated  by  any  chemical  action,  it  follows  that  the  value  of  both  sides  of 


QunnoNB.— What  are  chnmioal  formuIsB  ?  How  is  the  oompoBition  of  salts  Indicated 
by  BTmbols  ?  Which  constltaent  of  a  salt  is  placed  first  ?  What  docs  the  sign  +  mean  ? 
What  is  to  be  nnderstooi  by  the  terms  re\ction8  and  reagents  f  How  may  symbols  be 
•rranged  so  as  to  indicate  chemical  reactions  and  their  products  ? 
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the  equation  most  be  equal,  or  in  other  words^  the  sum  of  the  weights  of  the 
products  of  every  reaction  must  be  always  equal  to  tlie  sum  of  the  weights 
of  the  substances  inyolved  in  the  change.  For  example,  the  decomposition 
of  carbonate  of  lime  (marble)  by  sulphuric  acid,  and  the  liberation  of  carbonic 
acid  gas  may  be  represented  by  the  following  equation : 

20-f8,f6-fl6,+164-24— 20+8,+16+24+6+16— 90. 
Ca    0,    C    Oi-f  S     Oa— Ca    0,      S     Os+C    Oj. 
The  correctness  of  this  equation  may  be  proved  by  adding  together  the 
equivalents  of  both  sides,  when  the  sums  will  be  found  to  be  equaL 

A  very  little  practice  will  render  the  use  of  symbols  familiar  to  aD.  To 
expedite  the  acquisition  of  this  knowledge,  the  student  will  And  it  advan- 
tageous to  exercise  hioiself  in  the  expression  of  chemical  changes  by  sym- 
bols, whenever  the  opportunity  occurs,  until  he  is  thoroughly  acquainted  with 
their  signification  and  use. 

276.  Isomerism . — ^Until  within  a  recent  period,  ft  was  an  acknowledged 
principle,  that  two  bodies  containing  the  same  elements  combined  in  exactly 
the  same  proportion,  must  of  necessity  possess  the  same  properties,  and  be 
mutually  convertible  into  each  other.  Such,  however,  is  not  the  fact,  and 
numerous  substances  are  now  known  to  exist,  which  are  identical  in  chemical 
composition  and  yet  exhibit  totally  distinct  physical  and  chemical  properties. 
Different  bodies  thus  agreeing  in  composition  but  differing  in  properties,  are 
said  to  be  isomeric  (from  taof,  equal,  and  fiepo^^  P^i^)>  <^d.  the  phenomenon  in 
general  is  termed  Isomerism, 

A  great  class  of  bodies  known  as  the  volatile  oils,  oil  of  turpentine,  oil  of 
rosemary,  oil  of  lemons,  and  many  others,  are  .examples  of  bodies  which  dif- 
fer widely  fix)m  each  other  in  respect  to  odor,  medicinal  effects,  boiling  point, 
specific  gravity,  etc.,  and  yet  are  exactly  identical  in  composition — that  is, 
they  contain  the  same  elements,  carbon  and  hydrogen,  in  the  same  propor- 
tions.* "  The  crystallized  part  of  the  oil  of  roses,  the  delicious  fi^grance 
of  which  is  so  well  known,  a  solid  at  ordinary  temperatures,  although  read  ly 
volatQe,  is  a  compound  body  containing  exactly  the  same  elements,  and  in 
the  same  proportion,  as  the  gas  we  employ  for  lighting  our  streets." 

The  difference  of  properties  in  isomeric  bodies  is  explained  very  simply  by 
the  atomic  theory.  "  It  is  supposed  that  the  atoms  in  each  particular  case 
are  differently  arranged,  in  the  same  way  as  the  most  manifold  grouping  may 
be  produced  on  a  chess-board  by  transposition  of  the  white  and  black  squares, 
as  is  shown  in  Fig.  16.  Each  figure  is  composed  of  eight  white  and  eight 
black  squares,  but  though  the  absolute  number  is  the  same,  the  grouping  is 
different.    In  a  one  and  one,  in  b  two  and  two,  in  c  and  d  four  and  four 


*.  Two  conditions  of  isomerism  may  be  noted ;  one  in  vbich  the  absolute  number  of 
atoms,  and  consequently  the  atomic  weight  of  the  compound,  is  the  same ;  the  other 
where,  though  the  relative  proportions  of  the  elements  are  the  same,  the  absolute  num- 
ber of  atoms  of  each  is  different 


QinSTiONB.— Illustrate  this  hj  example.     What  is  isomerism?     Give  examples  of 
isomeric  bodies.    How  is  isomerism  explained  ? 
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squares  are  so  joined  as  to  present  a  different  appearance.  If  we  imagine 
these  squares  to  be  atoms,  we  obtain  an  idea  of  isomeric  bodies,  and  it  is  thus 
rendered  clear  how  there  may  be  bodies  of  the  same  constitution  and  form, 


Fig.  76. 


m  IE 


yet  presenting  an  entirely  different  appearance  and  possessing  different  prop* 
erties." — Stockhaedt. 

271.  Allotropism . — Many  of  the  elements  are  capable  of  existing  in 
two  or  more  different  conditions,  or  forms,  in  each  of  which  they  manifest 
different,  and  often  opposite  properties.  This  principle  is  termed  Allotropism, 
and  bodies  manifesting  changes  of  such  character  are  called  Allotropic  (from 
aXXorpdiroc,  different  ncUure). 

One  of  the  most  striking  illustrations  of  allotropism  is  to  be  found  in  the 
easB  of  the  element  carbon,  which  exists  in  a  pure  state  in  the  brilliant  trans- 
parent diamond,  in  the  opaque  and  black  charcoal,  and  in  the  metallic-like 
body  known  as  graphite,  or  black-lead.  Sulphur,  phosphorus,  silicon,  boron, 
oxygen,  and  other  elements,  are  susceptible  of  similar  changes. 

Bodies  in  allotropic  conditions  differ  in  their  chemical  as  well  as  in  their 
physical  properties.  Carbon  as  the  diamond  is  almost  incombustible ;  carbon 
as  lamp-black  inflames  at  a  low  temperature,  and  sometimes  ignites  sponta- 
neously. Phosphorus,  in  the  ordinary  condition,  is  soft,  yellowish  in  color, 
has  a  powerful  smell  and  taste,  and  can  scarcely  be  handled  with  impunity, 
since  it  bursts  into  a  flame  at  a  temperature  a  little  above  that  of  the  human 
body ;  allotropic  phosphoru8,''on  the  contrary,  is  of  a  dark  color,  hard,  de- 
void of  both  smell  and  taste,  and  may  be  handled  without  danger,  and  be 
even  carried  in  one's  pocket. 

The  explanation  of  allotropism  is  referred  to  difference  in  the  arrangement 
of  the  particles  or  atoms  constituting  the  body.  Thus  the  same  fibres  of  cot- 
ton, when  closely  matted  together,  constitute  hard,  tough  paper ;  when  simply 
carded,  wadding ;  when  twisted,  yam,  or  thread ;  and  when  intertwined,  doth. 

QusBTioiTS. — ^Whaft  is  allotropism  ?    Wliatare  examples  of  allotropism  ?    How  is  this 
condition  explained? 
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CHAPTER    VI. 

THK    KON-METALLIC    ELEMENTS. 

278.  The  generally  recognized  division  of  the  simple  substances  into  Metal- 
lic and  Non-metallic  elements,  or  the  Metals  and  Metalloids,  (from  fteraXkov, 
metal,  and  eidof,  appearance,)  although  most  convenient  for  descriptaon,  Is 
not  established  in  nature,  and  no  strict  line  of  separation,  moreover,  between 
the  two  classes  can  be  indicated,  since  some  of  the  elements  possess,  in  a 
nearly  equal  degree,  the  characteristics  of  both. 

let  alio  ids. — The  number  of  the  elements  *  generally 
included  in  the  class  of  metalloids  is  fourteen,  which 
may  be  enumerated  as  follows :  —  Oxygen,  Hydrogen, 
Nitrogen,  Chlorine,  Iodine,  Bromine,  Fluorine,  Sulphur, 
Selenium,  Tellurium,  Phosphorus,  Silicon,  Boron,  and 
Carbon. 

Characteristics  of  the  Metalloids. — ^The  ciiaracteristics 
which  serve  in  general  to  distinguish  the  metalloids  from  the  metals  are 
as  follows: — ^Thej  do  not  possess  a  metallic  appearance,  and  are  bad  con- 
ductors of  heat  and  electricity.  When  binary  compounds  of  the  metals  and 
metalloids  are  decomposed  by  the  agency  of  galvanism,  the  metalloids  always 
separate  at  the  positive  pole  (copper  side),  and  the  metals  at  the  negative 
pole;  as  bodies  endowed  with  opposite  electricities  only  are  attracted,  the 
metalloids  are,  for  this  reason,  termed  electro-negative  elements,  and  the 
metals  electro-positive  elements.  Almost  all  the  metalldds  combine  with 
hydrogen,  but,  as  a  general  rule,  the  metals  do  not. 

SECTION    I. 

OZTOEN. 

EquivakfiU  8.  Sifmbd  0.  Density  1*1.  (Air^l.) 

279..  H  U 1 0  r  y. — Oxygen  gas  was  discovered  by  Dr.  Priest- 
ley, an  English  clergyman,  in  1774.  He  called  it  depho- 
gisticated  air. 

In  the  foUowing  year  it  was  again  discovered  by  Scheele,  a  Swedish  chemist, 
and  by  Lavoisier,  the  illustrious  French  chemist,  without  cognizance  of  Priest- 
ley's discoveiy.  The  latter,  supposing  it  to  be  the  sole  agent  which  imparted 
to  bodies  their  add  properties,  gave  it  its  present  name,  oxygen,  (fh>m  o^^^ 
acid,  and  yevocj,  I  give  rise  to). 

QuEBTioNB.— How  are  the  elementa  divided  !  Is  this  diyislbn  foanded  in  nature  f  How 
many  of  the  elements  are  generally  included  among  the  metalloids  ?  Name  them.  What 
are  the  characteristics  of  the  metalloids  i  When  and  hy  whom  was  oxygen  discovered  r 
From  whom  did  .oxygen  derive  its  name  f 
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2B0.  Natural  HIitorT  and  Dl  Bttlbat Ion.  — Oxygen  m  the 

most  abundant  of  all  the  elementary  BubstaDcea,  but  is  nerer  net  with  in  na- 
ture in  a  pure  or  isolated  condition.  It  conatitutea  at  least  one  third  jiart  of 
Oie  solid  crust  of  the  (^be,  eigh(.ninthB  by  weight  of  all  the  water  upon  itg 
BurJaco,  more  than  one  fifth  of  tha  atmosphere,  and  eight-nintlig  of  tha  vapor 
a  the  atmogphere.  It  ia  also  au  essential  eonstitoent  of  all  living 
and  is  the  immediate  agent  by  which  animal  lile  and  all  the  pro- 
cnopM  of  combuation  are  Bustwned. 

The  mataoric  masses  which  M  to  the  eartli  tl-om  the  inter  planetarT  tpaee^ 
have  little  or  do  oxygen  in  tiieir  compoaitioa,  and  in  this  respect  the;  are 
UDlike  any  of  the  compound  substances  which  compose  the  crust  of  the  globe. 
Ilenoe  the  inference  has  been  drawu,  that  ia  some  of  the  great  planetary  masses 
of  the  solnr  system,  from  whence  meteorites  are  imdoubtedly  derived,  oxygen 
does  not  exist  at  all,  or  in  intich  smaller  proportiona  than  upon  the  earth. 

281.  Preparatioii. — Maay  suliil  Bubstaaces,  which  con- 
tain oxygen  in  conibintition,  readily  evolve  it  in  a  gaBeous 
form  when  Eubjected  to  a  sufficiently  hiijli  temperature. 

A  very  easy  metbod  of  obtaining  a  small  quantity  of  oxy-        _      .. 
gen  gas  fitr  experiment,  wMdt  at  the  same  time  illuslratce  tbe 
original  jROcess  by  whtdi  Prieatley  discovered  it,  is  to  best 
a  little  t:^  ttte  red  oxyd  of  nercoiy  in  a  thin  glass  tube  (Fig. 
11)  over  a  qarit4amp.*    In  thla  substaoco  tbe  affinity,  or 
chemical  attraotiaD  wbiob  bolda  together  the  mercury  and 
the  ox^ien  is  so  feeble,  that  a  very  slight  degree  of  heat 
sufficea  to  bring  about  decomposition ; — the  mercury  collocliog 
in  small  globules  on  the  bottom  and  aidea  of  the  tub«^  and 
tliQ  oxygen  escaping  aa  a  gas.     The  presence  of  the  Utter ,?~~ 
element  may  be  demonstrated  by  holding  an  ignited  sub-fl 
stance  over  the  mouth  of  the  ti 

If  it  is  desred  to  collect  and  preserve  the  oxygen  liberated 
in  this  expeiiment,  one  end  of  a  bont  glass  tubef  is  fitted  by  means  of  aper- 

*  C;Uadricil  glug  tnbei,  vltb  rounded  bot- 
tom*, knovD  mA  "  tvt  label,"  mn  fertamily  aati 
Id  ehendeU  eKperlmenUitloD.  A  itiDple  woodeii 
iHk.  HlaFig.ia,  Mrrei  u  ■  woveDletil  ami 
lor  them.  Taaehen  viU  do  ireU  to  furnish 
themHtvefl  witti  m  enpptr  ef  these  tubes,  u  (bej 
are  Inerpoiilva,  mai  eta  lie  lued  for  k  great  rm.  a 
rletr  of  porpoaea  ',] 

t  GUastabliiEprapAndeTprestdjfarahemiGm 


■flderprestdjfarahemlcsl  ', 
eeured  St  A  HmsU  eipeuu  j 
.l.pi>.r.n<.  Brms.n.jl 
i"S»nd  withsUulepriK!-  ™ 

snon  nn.  In  >  ibort  tima,  leu 

}  snd  rs^llj. 


d  ndipt  Ui  tnUng 


Qimnionft — What  Is  Hid  of  tbe  tmportiiDee  and  dlatrlbatlQn  of  oxfgenf  Wbst  Later' 
■nee  hsa  been  dnkwn  from  ttie  eompoaHlon  or  (neteorie  stonea  I  Hov  ta  oxTgeu  fenermllj 
pcoeured  t    Bjr  ahat  ilmf  le  method  maj  a  inuU  quautll;  of  oiTEen  be  obtained  t 


FiQ.  19. 
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forUeil  cork  into  tlie  montli  of  Ibe  generstjng  tube,  and  the  ochor  end  is  oon- 

dnctod  ialo  a  vosai!l  llUed  witli  water.    The  apparatus  tlius  arraogod  ma;  bo 

tiupported  bf  means  of  a  piece 

of  oord  or  wire,  or  bj  a  sort  of 

wooden  vice  (retort  holder)  con- 

Btruoted  Ibr  chemical  pmposcs, 

and  reprosontcd  iu  Pig.  19.    The 

oijgsn  escaping  in  bubbles  from 

tlie  end  of  t^a  Eubo  under  water 

is  collsvted  in  a  glass  bottle  or 

jar,  wliich  has  been  prcyiouslj 

^filled  witli  water  and  invertel 

in  the  vessel ;  coro  being  taken 

'  either  to  closo  the  moudi  of  the 

jar,  or  else  keep  it  coatinuouslj 

nuder  water  during  the  act  of 

f  invpraiod.     No  water  will  escape 

from  the  jar  uotU  bubbles  of  gas 

from  the  tube  are  paaaed  into  it  | 

but  when  this  is  permitted,  tlio 

gas,  by  resBon  of  its  superior  levitj,  aseends  and  displaces  the  water.    Aa 

soon  as  one  jar  is  tilled  it  may  he  removed,  and  its  mouth  closed  with  a  cork, 

or  kopt  below  the  water  level,  and  anolhef  suhatituted  in  its  place.    (Sea 

Fig  19.) 

For  the  production  of  oiygen  gaa  in  considerable  quantity,  matarials  loss 
expensive  tlian  the  red  oxjd  ofmercnry  are  used.  The  most  conveuleot,  and 
under  ordinaiy  circumstances  the  most  economical  metliod  which  can  be 
adopted  ia,  to  expose  to  heat  In  a  retort,  or  flask  ibmisbed  with  a  bent  tubo^ 
a  perfectly  dry  mixture  of  equal  parts  of  dilorate  of  potash  and  black  oiyd 
of  manganese.  A  common  Florence  flask  will  nerve  for  this  purpose,  but  a 
flask  constructed  of  shoot  copper  and  fltted  with  a  small  lead  tube  and  scrow- 
cap,  is  preferable.*  A  spirit-lamp  aflbrds  miKdent  heat  to  effect  the  chem- 
ical decomposition,  and  the  gas  liberated  is  collected  in  the  manner  beforo 
described.  The  salt  chlorate  of  polash  is  very  rich  in  oxygen— every  111 
parts  of  it  by  weight  containing  48  parts  of  this  element  united  in  tho  solid 
(brm  with  36  parts  of  clilorine  and  39  of  the  metal  potassium.     On  the  appli- 

•  FIukB,  or  genentins  bottles  conitracteil  of  Ihin  aheel  copper,  md  tbrniibed  iritli  ■ 
■iDtiU  Leaden  tube  mid  &  acmr-c^p^  may  be  purchased  of  dcaLerHtiiGberDloaLappBrmtiiB,or 
can  be  eadlf  maimfoetured  b^  A  eopperam^th.     For  a  canttuuDufl  course  of  expertQunlA 

(rouble  ariilDgr  fnm  tbe  fracture  of  glau,  and  the  adjuatmeut  and  preparatioa  ef  tli4 
lubu 


la  fhim  ohlorata  of  pc 
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cation  of  lieat,  all  this  oij-gen  ia  driven  off  in  a  gaseoua  state,  and  chlorine, 
united  with  potasaium,  focniing  the  chlorido  of  potaBsium,  ramaiua.  The  te- 
odioa  may  be  tepresented  as  tbllowa : — 

SB  <- 40  +  SB -f  B-3S + 39  4- 48-1  n 
U    Ot  K  O-Cl    K+oi 

Clilorate  of  potash  and  black  oxjA  it  manganose  both  yiold  oiygea  when 
heated  separately,  but  under  the  conditioua  of  heat  and  mixture  above  Bped- 
fied,  the  cbloral«  of  potaah  alone  disengages  oxygeD.  Tlie  mangaoeae,  Lon- 
ever,  without  taking  any  part  in  tiie  chemical  douompoaitioii,  cxertiBcs  an 
unportant  iniluoDco  mi  the  process,  apparently  by  ita  mere  preeeuce,  cauaiug 
the  oxjgea  to  be  Uberated  with  the  utmost  Gidlity  and  regularity,  and  at  a 
much  lower  temperature  than  when  tlie  chlorate  Is  Used  lUone.  The  action 
of  the  monganeae  in  producing  tliiseOect  has  been  explained,  by  suppoe- 
ing  that  it  mecbBDii^ly  separates  the  partiulcB  of  the  sail,  and  thug  dis- 
Iribules  tho  heat  uoilbruily ;  but  if  this  ia  true,  dean  sand,  powdered  glass, 
or  any  other  wmilar  maierial,  ought  to  act  equally  well,  which  ia  not  tha 

When  '^^ry  large  quantities  of  FiQ.  80. 

D:^gen  are  required,  and  perfect 
purity  of  product  is  not  essential,  an 
economical  plan  ia  generally  adopt- 
ed of  heating  the  black,  or  peroxyd 
of  mangancso  to  redness  in  nu  iron 
retMl,  arranged  m  a  suitable  fUr-  j 
nace.  (See  Fig.  80.)  One  pound  ' 
d'  good  oxyd  of  mangancao  thus 
heated,  will  yield  seven  gallons  of 

oiygCD,  with  some  cariranic  acid.  This  last  may  bo  entirely  removed  by 
causing  tho  gas  to  pasfl  through  a  solution  of  potash.  In  this  procesa  UnO* 
bi!comua  converted  in  MnO+O. 

Oxygen  may  bo  obtained  from  various  other  substauces,  but  those  already 
moutooed  are  tho  best,  and  the  most  frequently  employed.*  Red  iead  (oxyd 
of  lead),  and   hkewise   saltpetre,  when  heated  strongly,   will  furnish  this 


muthod  of  preparing  DiTgnn  on  an  eitenrive  Bcala  tOT  flConomlfl  pnnHMe",  hai 
wn  propoied  b;  M.  Bouasingmlt.  H«  itatei  Ihil  CBuMic  barrl^  vbea  bwtod  to 
r  temperalBie  In  tba  free  presalHW  at  kir,  ilwoTbi  oifeeD,  sod  becomea  per. 


QvmiOHt Ho* mneb ox jg«n does  thlH  iDbAUnco  oontalnT    What  Ifl  the  chemEcM 

n«Urinlntbl«piiH»Hf  Wbatlilba  oldeotof  mlilnn  nungsncBs  with  cblonleof  pnC- 
Hh  I  Ii  ihe  Ktian  oT  Urn  mMiguieH  uDdentood  I  When  Urge  quntltiei  oF  orygen  sra 
nqulnd,  vhrntmethodlHtdoptedl  Wbat la  tbecbomicalreutloDia  tblaprtKuat  Fmn 
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gaa,  A  mixtare  of  strong  solphurio  acid  and  one  half  its  weight  of  black 
ozyd  of  manganese,  or  bichromate  of  potash,  will  liberate  oxygen  when 
heated. 

All  tho,  green  parts  of  plants  evolye  oxygen  when  exposed  to  the  light  of 
the  san.  This  tact  may  be  readily  demonstrated  by  placing  a  leafy  brandi, 
which  is  still  connected  with  the  parent  plant,  or  a  number  of  freab.  leaye^ 
ander  a  jar  filled  with  water,  and  then  exposing  them  to  the  inflnence  of 
solar  light  After  a  short  time  small  air-bubbles,  consisting  of  pure  oxygen, 
will  collect  in  the  upper  part  of  the  vessel  The  minute  bubbles,  also,  which 
may  be  often  seen  adhering  to  the  leaves  of  aquatic  plants  under  water,  are 
generally  pare  oxygen. 

282.  Properties  of  Oxygen . — Oxjrgen,  when  pure,  can  not  be 
distinguished  from  atmospheric  air,  being  colorless,  tasteless,  and,  under  or- 
dinary circumstance^  destitute  of  odor.  It  is,  however,  somewhat  heavier 
than  atmospheric  air;  the  deisity  of  the  latter  being  represented  by  1*00, 
that  of  oxygen  would  be  110. 

One  hundred  cubic  inches  of  dry  oxygen  weigh  34*20  grains.  In  its  sepa- 
rate condition  it  is  known  only  as  a  gas,  all  attempts  to  reduce  it,  by  im- 
mense pressure  and  extreme  low  temperature  acting  conjointly,  into  a  solid, 
or  even  liquid  condition,  having  failed.  Yet  the  learner  will  not  fail  to  per- 
ceive, that  oxygen  when  locked  up  in  combination  with  the  solid  substances 
ih>m  whence  we  obtain  it,  must  be  itself  a  solid ;  and  this  consideration  en- 
ables us  to  form  some  conception  of  the  enormous  force  which,  under  the 
name  of  affinity,  is  capable  of  producing  this  effect 

Oxygen  is  very  slightly  soluble  in  water ;  a  hundred  volumes  of  this  fluid, 
at  ordinary  temperatures,  dissolving  only  four  and  one  half  volumes  of  the 
gas.  Oxygen  possesses  a  wider  range  of  affinities  than  any  other  known 
substance,  and  combines  in  one  or  more  proportions  with  all  the  elements 
except  fluorine.  The  act  of  union  of  a  substance  with  oxygen  is  termed 
oxydation,  and  the  product  of  the  union  is  called  an  oxyd.  Oxyds  are  classi- 
fied and  divided,  as  has  been  before  shown  (§  265),  into  acids,  bases,  alkalies^ 
etc. 

The  tendency  of  oxygen  to  unite  with  other  substances  varies  according  to 
the  circumstances  under  which  the  latter  are  presented  to  it,  being  greater 
under  the  influence  of  heat  than  of  cold,  and  greater  where  there  is  an  ex- 
cess than  whore  there  is  a  deficiency  of  oxygen.  Oxygen,  at  ordinary 
temperatures,  enters  8k>wly  into  combination  with  most  of  the  metals.  •  This 
action  takes  place  much  more  rapidly  in  a  moist  than  in  a  dry  atmosphere. 
A  bar  of  polished  iron,  in  perfectly  dry  air  at  the  ordinary  temperature,  will 

QuxsnoNs. — Do  plftots  evolve  ozTgen  ?  What  experiment  proves  this  ?  What  are  the 
properties  of  oxygen  ?  Has  oxygen  ever  been  condensed  into  a  liquid  or  BoUd  sabstanee  ? 
Is  it  known  to  exist  in  either  of  the  latter  conditions?  What  is  said  of  its'  solabHity  in 
water?  Of  its  range  of  affinity  ?  What  are  the  prodnets  of  the  union  of  oxygen  with 
other  Bubstanoes  called  ?  How  does  the  tendency  of  oxy|^n  to  unite  with  other  sub- 
ftanees  vary  ?  What  is  said  of  the  oxydation  of  the  metals  ?  Will  iron  rust  ia  dry  air  aft 
ordinary  temperatares? 
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remain  unchanged  for  any  len^h  of  time,  but  if  moisture  be  present,  it 
quickly  becomeB  rusty.  In  the  case  of  iron,  the  oxydation  once  oommenoed 
will  spread  through  the  entire  mass  of  the  metal ;  but  in  other  instances,  as 
in  the  case  of  lead  and  zinc,  a  superficial  coat  of  the  oxyd  is  formed,  which 
adheres  firmly  to  the  surfiice,  and  protects  the  metal  beneath  fh>m  further 
change. 

In  Older  to  commence  and  carry  on  oxydation,  it  is  generally  necessary  to 
apply  heat.  An  iron  bar,  when  heated  red  hot,  and  exposed  to  the  oxygen 
of  the  air,  will  rapidly  become  covered  with  a  scale  of  oxyd,  or  rust  A  stick 
of  charcoal  may  be  kept  in  oxygen  at  common  temperatures  for  years  with- 
out entering  into  combination  with  the  gas,  but  the  smallest  spark  upon 
the  surface  of  the  coal  will  cause  the  two  elements  to  unite  with  great 
rapidity. 

The  direct  union  of  oxygen  with  a  substance  is  always 
attended  with  an  excolution  of  heat. 

In  the  ordinary  rusting  of  iron,  the  disengagement  of  heat  is  too  slow  and 
feeble  to  be  readily  perceptible;  but  in  some  instances,  where  the  union  with 
oxygen  at  ordinary  temperatures  is  rapid,  the  heat  accumulates,  and  often- 
times rises  sufficiently  high  to  cause  the  materials  to  burst  into  a  flame,  pi**' 
ducing  what  are  called  cases  of  '^spontaneous  combustion."  Tliis  phenomenon 
is  often  exhibited  when  tow,  '*  cotton- waste,"  or  other  fibrous  materials  that 
have  been  used  in  lubricating  machinery,  are  laid  aside  in  heaps.  Tlie  oil 
upon  them  being  spread  over  a  large  sur&ce,  absorbs  oxygen  with  great  rap- 
idity, and  the  temperature  of  the  mass  continues  to  increase  until  the  whole 
bursts  into  flame.  Charcoal,  reduced  to  a  fine  powder  and  exposed  to  the 
air,  moist  hay  in  stacks,  and  damp  cloths  in  bales,  frequently  take  fire  under 
the  same  circumstances. 

When  the  direct  union  of  oxygen  with  a  substance  is 
attended  with  an  evolution  of  both  light  and  heat,  the 
process  is  called  Combustion,  and  the  body  is  said  to 
burn.  On  the  other  hand,  the  body  which  can  combine 
with  oxygen  under  such  circumstances,  is  termed  a  Com- 
.  bustible,  and  the  oxygen  a  supporter  of  combustion. 

All  the  ordinary  forms  of  combustion  are  simply  processes  of  oxydation, 
and  are  accompanied  by  a  withdrawal  of  ibee  oxygen  fh>m  the  surrounding 
air;  and  in  most  instances  the  oxydation  is  commenced,  or,  as  we  express  it, 
"  the  firo  is  kindled,"  by  the  application  of  some  ignited  substance,  which 
raises  the  temperature  of  the  combustible  body  sufficiently  to  enable  it  to  at- 

QuBTiOHS.— In  order  to-  oommence  and  carry  on  oxjdation,  vhat  is  generally  neces- 
sary ?  What  are  ezamidea?  What  phenomenon  always  accompanies  the  direct  union  of 
03cygen  with  a  subatance  ?  What  is  spontaneous  combustion  ?  Give  examples.  What 
do  jrou  understand  by  the  ordinary  meaning  of  the  term  combustion  ?  What  is  a  combus- 
tible body?  Why  la  it  generally  necessary  to  apply  heat  in  order  to  euuse  oombustton  to 
•onunenoe? 
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tract  the  oxygen  of  the  air,  T>r  oommonce  burning ;  aftervrard,  the  heat  which 
ia  liberated  during  the  process  is  more  than  sufficient  to  cany  it  on,  and  thus 
the  combination  of  one  portion  of  oxygen  with  a  burning  body,  causes  the 
absorption  of  another  portion.* 

Bodies  which  will  bum  in  the  air,  together  with  many  substances  which 
are  generally  considered  as  incombustible,  bum  in  oxygen  gas  with  great 
splendor.  Experiments  iUustrative  of  these  &ct8  are  among  the  noost  bril- 
liant and  interesting  in  the  whole  science  of  chemistry. 


Fro.  81. 


If  we  blow  out  a  lighted  candle  in  the  air,  the  wick  continues 
to  glow  for  a  few  moments,  .but  the  flame  does  not  sponta- 
neously re-appear.  I^  on  tlie  contrary,  the  candle,  still  pre- 
senting some  incandescent  points,  be  plunged  into  a  receiver 
containing  oxygen  (see  Fig.  81),  it  inflames  instantly,  and 
bums  with  great  brilliancy.  This  experiment,  which  may  bo 
repeated  with  a  small  narrow  mouth  jar  of  oxygen  a  great  num- 
ber of  times,  is  characteristic  of  pure*  oxygen,  and  is  the  princi- 
pal test  used  to  detect  its  presence. 

A  glowing  slip  of  wood  introduced  into  oxygen,  bursts  into 
^  me  with  a  slight  detonation.  A  bit  of  charcoal  bark,  slightly  ignited,  at- 
tached to  a  wire  and  lowered  into  a  jar  of  oxygen,  bums  with  great  rapidity, 
sending  off  showers  of  brilliant  scintillations  in  all  directions.  If  a  moistened 
slip  9f  litmus  paper  (g  266)  be  introduced  into  the  jar  after  the  combustion, 
it  immediately  turns  red,  a  change  not  affected  by  atmospheric  air,  or  pure 
oxygen ;  consequently  an  acid  gas  has  been  formed  from  the  charcoal  and  the 
oxygen,  which  is  called  carbonic  <icid. 

The  combustion  of  iron  in  oxygen  constitutes  a 
most  beautiful  experiment  For  this  purpose  a 
piece  of  fine  iron  wire,  or,  what  is  still  better,  a 
steel  watch-spring,  coiled  in  the  form  of  a  spiral 
(see  Fig.  82)  is  employed.  One  end  of  the  wire 
is  tipped  with  a  bit  of  sulphur,  or  tinder,  and  tho 
other  attached  to  a  cork,  so  that  the  spiral  may 
hang  vertically.  The  sulphured  end  is  then  lighted, 
and  the  wire  suspended  in  a  jar  of  oxygen,  open 
at  the  bottom,  as  is  represented  in  the  figure,  sup- 
ported upon  an  earthenware  plate.  The  wire  burns 
vnth  an  intense  white  light,  the  oxyd  of  iron  formed, 
darting  out  in  brilliant  coruscations  in  every  direc-' 
tion.  Melted  globules  of  oxyd  occasionally  fall  of^ 
of  so  elevated  a  temperature,  that  they  remain  red  hot  for  some  time  under 


Fro  82. 


*  For  a  particular  consideration  of  combustion,  see  Chapter  YIL 


QmanoKB. — ^How  does  pare  oxygen  act  on  combastible  smbstanoeB  f    Explain  the  vxpw 
iments  detailed. 
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the  flur&co  of  water,  and  fuse  deeply  into  the  BubetJince  of  tho  plate  or  glasa 
upoa  which  they  Btrike. 

The  light  produced  by  phosphorus  burned  ia  Fia.  83. 

oxygen  is  too  brilliant  and  intense  to  be  en- 
dured by  the  eye ;  and  the  jar,  during  combus- 
tion, bacomea  filled  with  a  dense  white  vapor, — 
pliosphorio  add,  which  ia  slowly  absorbed  by 
water.     (See  FSg.  83.)* 

Kindled  Bulphor  bums  in  oiygen  with  ft 
beautiful  blue  %ht 

283.  Oiygen  aod  Beipiration.— 
Oxygen  ia  necessary  to  respiration, 
and  is  coDstautly  taken  into  tiie 
lungs,  from  the  atmosphere,  in  the 

process  of  breathing.  No  animal  can  live  ia  an  atmos- 
phere  which  does  not  contain  a  certain  portion  of  uncom- 
Lined  oxygen. 

Oiygen,  by  the  ehemkal  action  ioTolved  in  the  process  of  respiration,  paaaei 
trota  a  free  state  into  a  state  of  combination  with  other  subitaocea,  and  thereby 
becomes  mifittad  (or  the  further  support  of  animal  life.  If  a  bird  ho  con- 
fined  in  a  limited  portion  of  atmospheric  air,  it  will  at  first  foel  no  incouTc- 
niaioe;  but  as  a  portion  of  oxygen  ia  withdrawn  from  a  free  state  at  each 
iusiaration,  its  quantity  dimini^ea  rapidly,  so  that  respiration  soon  becomes 
laborious,  and  in  a  short  time  ceases  altogether.  Should  another  bird  be  then 
introdirood  into  the  same  air,  it  will  be  almost  immediately  suffocated ;  or  if 
a  lighted  candle  be  iramsraed  in  it,  its  flame  will  be  extingiiished.  Respira. 
tion  and  comhuation  both  produce  the  same  effect,  iu  caushig  free  oxygon  to 
be  removed,  or  absorbed  from  tho  atmosphere.    An  animal  can  not  live  in 

•  This  (aperimeiit  ahouM  be  porformed  wLlh  great  csre  i  otliErwiiie  the  combuslion-Jor 

TbB  combmUon  lidte  rtould  be  deep— in  iron  cup  or  i  pleM  of  chalk  scooped  out  and  at. 
lathed  to « Tire,  tha  irhola  perfwilT  dry.  The  phaqihorni  gboDld  ho  diyidcd  nnder 
met,  and  sftor»ard  dried,  not  by  wiping,  hut  by  nratwrt  iriih  MboloDS  p«por.  II  jbould 
not  be  illuired  (a  project  above  the  level  of  Ihe  deflagrating  ladle,  becauae  during  Iba  ut 
o/oombuatlonbunirngpBrlicJei  might  dUperm  and  atlck  dgainat  the  ^des  of  the  Jar,  thai 
In&mblr  canrtng  rupture  of  the  glaw.  A  afmllsr  remit  mfeb.  be  ocotBloned  by  em^oy. 
"  ■  :pandlngii 

f  S 

nitedontbenirfacoby  tonehingltirith  a  hotirlre,  and  dl.  _,  „  ..  _       

over  a  fltma.  Theae  direitiona  hdng  attended  to  tDI  Insure  the  racceaB  of  the  eiperi- 
menl,  whereaa  hy  naglpctlng  them,  ilmple  Iboncrh  they  may  appear,  or  any  one  of  them, 
faUnrfl  of  the  eiperimenC  la  cert^n,  and  danger  Imminent. — Fab.vdav, 

Qnisiioiia— li  oxygen  necensary  to  respiration  t  What  eflfecl  hu  Ihe  prooem  of  reapl- 
ritlon  on  oxygen  f    lUuttnito  this.    What  analogy  la  there  between  respiration  and  oom- 
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air  nnfiUed  to  support  combustion ;  and,  under  all  ordinary  (aicumstanoes, 
oombuation  will  not  continue  in  air  containitig  too  little  oxj  gen  iar  respira- 
tion. 

Fermentation  also  acts  like  respiration  and  combustion  in  absorbing  free 
oxygen  from  the  atmosphere. 

-  Although  oxygen,  as  a  constituent  of  the  atnK)sphere,  is  necessary  toseegi- 
ration,  it  is  destructive  <^  animal  life  when  breathed  fi>r  any  oonsideiable 
length  of  time  in  a  state  of  purity.  When  a  rabbit,  for  example,  is  immersed 
in  an  atmosphere  of  pure  oxygen,  it  at  first  experiences  no  inconvenience, 
but  after  an  interval  of  an  hour,  or  more,  an  unnatural  excitement  of  the  sys- 
tem is  occasioned,  accompanied  by  a  rapid  respiiation  and  circulation  of  the 
blood ;  this  is  soon  followed  by  insensibility,  and  death  ensues  in  from  six  to 
ten  hours. 

284.  Magnetism  of  Oxygen. — Oxygen  is  highly  magnetic;  that 
is,  it  sustains  the  same  rektions  in  degree  to  amagnet^  that  iron  doe&  It  has 
been  further  proved  that,  like  iron,  it  loses  its  magnetism  when  strongly 
heated,  but  recovers  it  when  the  temperature  fal]&  Faraday  computes  the 
magnetic  effect  of  oxygen  in  the  air  to  be  equal  to  that  of  a  metallic  shell  of 
iron,  l-250th  of  an  inch  in  thickness  surrounding  the  globe  of  the  earth. 

285.  Oxygen  in  Combinati  on. — ^The  force  which  holds  oxygen 
in  combination  varies  extremely  in  different  substances.  In  silica,  (quarts 
rock  crystal,  etc.),  neariy  one  half  the  entire  weight  of  which  is  oxygen,  it  is 
combined,  or  imprisoned,  so  to  Sjpoak,  with  such  force,  that  its  Uberation  can 
only  be  effected  by  the  most  powerful  agencies — ^heat  alone  fisuling  to  produce 
the  slightest  effect  In  other  solid  oxygemzed  bodies,  however,  the  affinities 
are  so  nicely  balanced,  that  the  slightest  decomposing  cause  is  sufficient  to 
rend  the  elements,  as  we  may  say,  from  each  other,  and  set  the  oxygen  free. 
A  very  striking  instance  of  this  is  furnished  by  chlorate  of  potash,  the  sub- 
stance generally  employed  in  the  production  of  oxygen— «very  124  parts  of 
which,  by  weight,  contain,  as  before  stated,  48  of  oxygen.  A  very  slight 
degjee  of  heat  suffices  to  overcome  the  admirably  poised  balance  of  lenities, 
by  which  the  combined  elements  of  this  salt  are  held  together,  and  liberate 
every  particle  of  oxygen.  But  this  result  can  be  effected  by  other  agenciea 
For  example,  if  we  take  a  small  quantity  of  sulphur,  charcoal,  phosphorus, 
sulphuret  of  antimony,  or,  to  generalize^  any  other  solid  which  has  a  strong 
attraction  for  oxygen,  and  mix  either  of  them  with  a  little  chlorate  of  pot- 
ash,  carefuUy  and  with  an  avoidance  of  friction,  the  compound  so  obtained, 
when  struck  with  a  hammer  upon  an  anvil,  will  explode  violently.  The  ex- 
periment is  best  conducted  by  folding  the  mixture  in  a  piece  of  paper.  With 
phosphorus  the  explosive  violence  is  greatest,  with  charcoal  least,  the  varia- 
tion being  indicative  of  the  respective  tendency  of  these  substances  to  com- 
bine with  oxygen  under  the  circumstances  of  the  experiment 

QcnnoKB. — ^What  eflTeet  doe>  oxygen  hare  on  animal  life  when  breathed  pure  7  What 
la  Bald  respecting  the  magnetism  of  oxygen  ?  Illustrate  the  various  conditions  under 
irbleh  oxygen  exists  in  oombination  f 
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G-unpowder  is  another  example  of  a  substance  holding  a  large  amount  of 
oxygen  in  combination,  ready  to  spring  into  action  with  an  almost  irresistible 
violence. 

286.  Active  and  PaKsive  Condition  of  Oxygen. — Oxygen, 
as  hitherto  considered,  assumes  two  conditions,  or  states,  widely  different  fh>m 
each  other.  These  may  be  termed  its  active  and  passive  conditions.  As 
lodced  up  in  rock-crystal,  flmt,  clay,  and  other  solids ;  as  constituting  eig^t 
ninths  of  the  bland  liquid,  water ;  as  an  uncombined  gas  in  the  atmosphere, 
it  is  quiescent,  inactive,  waiting — retaining,  however,  all  its  forces  in  a  latent 
state.  This  inactivity  is  one  extremity  of  the  scale  of  qualities  possessed  by 
oxygen.  Intense  violence  characterizes  its  other  extreme  condition — ^*  mani- 
fested," says  Professor  Faraday,  "  with  tremendous  energy  in  the  phenomena 
of  combustion  and  explosion — rushing  with  violence  into  other  forms — dis- 
playing the  most  glorious  exhibitions  of  light  and  heat — generating  combina- 
tions of  characters  diametrically  opposed,  from  the  extreme  of  alkalinity  on 
tlie  one  hand^  to  the  most  violent  acidity  on  the  other,  and  finally,  having 
g^Hie  through  its  metamorphic  phases,  assuming  its  appointed  place  of  rest  in 
the  world's  economy." 

287.  Ozone  • — ^In  addition  to  these  two  extreme  conditions,  oxygen  may 
assume  another,  in  some  respects  still  more  qxtraordinary ; — ^a  state  in  which 
it  is  neither  fully  active  or  fully  passive,  but  intermediate  between  the  two 
former  conditions — a  state  in  which  the  activity  possessed  is  not  only  less  in 
amount,  but  different  in  quality.  This  condition  of  oxygen  is  characterized 
by  the  name  of  Ozone. 

It  has  long  been  noticed  that  the  working  of  an  electric  machine,  espe- 
cially in  a  close  apartment,  was  accompanied  by  a  peculiar  sulphur-like  odor, 
and  also,  that  a  similar  odor  pertained  for  some  little  time  to  places  that  had 
been  struck  by  lightning.  Beside  recognizing  these  facts,  and  designating  the 
odor  in  question  as  "  the  eUsdric  smeU^^^  no  explanation  of  the  phenomenon 
was  attempted  by  scientific  men  until  within  a  very  recent  period;  (8inc&4840). 
It  was  at  last  noticed,  almost  accidentally,  that  if  a  piece  of  paper  moistened 
with  a  solution  of  starch,  and  a  peculiar  compound  of  iodine  (iodide  of  potas- 
sium)^ was  exposed  in  places  pervaded  by  this  odor,  it  was  speedily  turned 
blue.  Now,  this  turning  blue  is  an  indication  of  the  liberation  of  iodine  from 
its  combination ;  and  the  liberation  of  iodine  is  an  indication  of  the  agency 
of  oxygen;  so  that  in  the  determination  of  thi^  additional  fact,  a  connection 
was  established  between  oxygen  in  an  active  state  and — the  electric  smell 

The  germ  of  knowledge  thus  obtained  was  expanded  and  generalized  by 
Professor  Schonbein  of'BAle,  who  showed,  by  carefully  conducted  exper*- 
ments,  that  the  same  smell  and  its  corresponding  action  might  bo  generated 
at  pleasure,  by  various  means — ^that  the  agent  producing  the  odor  occasioned 
other  effects  beside  that  of  affecting  the  starch  paper,  such  as  bleaching,  de- 


QmBBTiONS. — ^Under  what  tvo  oonditionB  does  oxygen  generally  manifest  itself?  What 
is  the  tiiird  oondition  of  oxygen  ?  What  is  this  condition  tenned  ?  What  cireunuttanoes 
led  to  the  discovery  of  ozone  ?    What  discoveries  were  made  hy  Schonhein  f 
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odorizing,  and  corroding— ftnd  finally,  that  the  niTsterious  gaseous  agency 
itself  was  neither  more  nor  less  than  oxygen — oxygen  gas  existing  in  a 
marked  condition,  or,  as  it  is  termed,  in  its  allotropic  form. — ^Fabaoat. 

Preparation  # — Ozoae  may  be  obtained  by  passing  a  sucoeefflon  of 
electric  sparks  through  a  tube  or  vessel  containing  atmospheric  air,  or  pure 
oxygen  gas.  It  is  also  produced  by  the  slow  action  of  phosphorus  upon  oxy- 
gen, or  atmospheric  air.  This  latter  reaction  may  be  readily  demonstrated 
as  follows : 

Take  a  quart  glass  bottle,  and  place  in  it  a  little  water  and  a  stick  of 
phosphorus,  first  demonstrating  the  absence  of  ozone  by  testing  it  ¥ritb 
iodine-stardi  paper.*  Close  the  bottlo,  and  allow  the  whole  to  remain  for 
a  little  time.  On  again  immersing  the  paper  slip^  it  changes  color,  assum- 
ing a  tint  of  blue.  This  result  is  not  due  to  the  vapors  of  phosphoric 
add  which  may  be  noticed  in  the  bottle,  as  they  are  readily  absorbed  by 
passing  the  gaseous  contents  of  the  bottle  tlirough  water,  while  the  ozone  re- 
mains unaltered. 

The  formation  of  ozone  may  be  also  shown  by  another  process  still  more 


FiO.  84. 


simple.  ,  Take  a  glass  jar,  and  first  demonstrate 
by  the  iodine-starch  paper  the  absence  of  ozone. 
Then  pour  into  the  jar  a  little  ether,  and  there 
is  still  no  ozone ;  but  if  we  heat  a  glass  rod  in 
the  flameof  a  spirit-lamp,  and  immerse  it  moder- 
ately hot  (see  Fig.  84),  ozone  will  be  abundantly 
produced. 

Properties . — Ozone  has  never  been  ob- 
tained in  a  separate  state,  and  appears  to  be 
entirely  insoluble  in  all  liquids.  It  has  a  pecu- 
liar odor,  whilst  ordinary  oxygen  is  totally  devoid 
of  all  smelL  It  possesses  powerful  bleaciiing 
properties,  and  if  a  solution  of  sulphate  of  indigo 
be  poured  into  a  vessel  containing  ozone,  its 
deep  blue  color  is  destroyed  with  great  rapidity. 
If  the  same  experiment  be  Iried  with  common 
oxygen,  no  bleaching  action  takes  place.  Ozone  also  exercises  a  remarkable 
influence  over  certain  odors ;  thus,  if  a  piece  of  tainted  meat  be  immersed  in 
this  gas  (see  Fig.  86)  the  effluvium  is  instantly  destroyed. 

Ozone  is  perhaps  the  most  powerful  of  all  oxydizing  agents.  It  corrodes 
even  organic  bodies,  such  as  cork  and  India-rubber,  whOe  fragments  of  iron, 
copper,  etc^  rapidly  absorb  it,  and  become  converted  into  oxyds.     Silver, 


*  Iodine  starch  paper  may  be  simply  prepared  by  mixing  a  little  starch  with  a  solntion 
of  iodide  of  potassiom — a  salt  obtained  of  any  druggist — and  imbuing  unsized  paper  with 
the  compound. 


QnranoNB. — How  may  ozone  be  obtained  ?    What  are  the  properties  of  ozone  ?    What 
Is  said  of  the  oxydizing  influences  of  ozone  ? 
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Fig.  85. 


under  ordinary  drcumstances,  is  not 
affedied  by  oxygen,  and  has  henco 
been  considered  as  one  of  the  noble 
metals;  but  if  a  piece  of  silver-foil, 
moistened  with  water,  be  plunged 
into  ozone,  it  rapidly  crumbles  into 
dust — oxyd  of  silver.  Ozone  dis- 
plaoeR  iodine  from  its  combinations 
-mth  the  metals,  setting  the  iodine 
free.  This  reaction  is  so  easily  pro- 
duced, and  is  so  sensitive,  that  it  fur^ 
nishes  the  readiest  and  most  delicate 
method  of  detecting  the  presence  of 
traces  of  ozone  in  the  air.  A  slip  of 
paper,  as  before  stated,  moistened  with 
starch  and  iodide  of  potassium,  and 
itiserted  in  a  vessel  containing  the 
lightest  admixture  of  ozone,  becomes 
blue  from  the  action  of  the  liberated  iodine,  whidi  immediately  unites  with 
the  starch,  and  forms  the  blue  iodide  of  starch. 

One  of  the  most  singular  circumstances  connected  with  ozone  is  the  effect 
of  heat  upon  it.  A  temperature  not  much  higher  than  boiling  water  is  suf- 
ficient ti>  destroy  it  entirely.  Advantage  is  taken  of  this  fact  to  demonstrate 
the  absolute  chemical  identity  of  ozone  and  oxygen.  Ozone  passed  into  one 
end  of  a  red  hot  tube  comes  out  ordinary  oxygen  at  the  other  end.* 


*  Respecting  thitt  strange  condition  of  allotropism,  of  which  ozone  is  a  particular  ex- 
ample. Professor  Faraday,  in  a  recent  publication,  remarks  :-~**  There  was  a  time,  and 
that  not  long  ago,  when  it  was  held  among  the  fundamental  doctrines  of  chemistry,  that 
the  same  body  always  manifested  the  same  chemical  qualities,  excepting  only  such  va- 
riations as  might  be  due  to  .the  thriee  couditions  of  solid,  liquid,  and  gas.  This  was  held 
to  be  a  canon  of  chemical  philosophy  as  distinguished  from  alchemy ;  .and  a  belief  in  the 
posdbility  of  transmutation  was  held  to  be  impossible,  because  at  variance  with  this  fun- 
damental tenet.  But  we  are  now  conyersant  with  many  examples  of  the  contrary ;  and, 
strange  to  say,  no  less  than  four  of  the  non-metallic  elements,  namely,  oxygen,  sulphur, 
pho(q>horus,  and  carbon,  are  subject  to  this  modification.  The  train  of  speculation  which 
this  contemplation  awakens  within  us  is  extraordinary.  If  the  condition  of  allotroplsm 
were  alone  confined  to  compound  bodies,  that  is  to  say,  bodies  made  up  of  two  or  mora 
elemraits,  we  might  easily  frame  a  plausible  hypothesis  to  account  for  it ;  we  might  as- 
some  that  some  variations  had  taken  place  in  the  arrangement  of  their  particles.  But 
when  a  simple  body,  such  as  oxygen,  is  concerned,  this  kind  of  hypothesis  is  no  longer 
open  tons;  we  have  oulyone  kind  of  particle  to  deial  with,  and  the  theory  of  altered 
position  is  no  longer  applicable.  In  short,  it  does  not  seem  possible  to  imagine  a  rattonal 
hypothesis  to  explain  the  condition  of  allotroplsm  as  regards  simple  bodies.  We  san  only 
accept  it  as  a  fact,  not  to  be  doubted,  and  add  the  discovery  to  that  long  list  of  truths 
which  start  up  in  the  field  of  every  science,  in  opposition  to  our  most  cherished  th^rie% 
and  long-received  convictions.** 


QuisTiOKS. — What  reaction  takes  place  when  ozone  turns  iodine-starch  paper,  blue  9 
What  eflect  has  heat  npon  ozone  ?    How  is  osoae  proved  tQ  };^^  8iii^)ly  raQdi^^  o^gen? 
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Ozone  may  be  generallj  recognized  in  air  which  has  swept  over  the  ocean, 
although  generallj  absent  in  air  which  has  swept  oyer  land.  It  would  ap- 
pear that  a  moist  state  of  the  atmosphere  is  necessarj  to  ltd  deTelopment.'*^ 
Mr.  Wise,  the  celebrated  aeronaut  states,  that  when  on  one  occasion  during 
an  ascension,  he  became  enveloped  in  a  thunder-doud,  he  found  the  surround- 
ing air  most  powerfiilly  impreg^ted  with  the  peculiar  odor  of  ozone. 

Tt  can  not  be  doubted  that  so  active. an  agent  as  ozone  {Mresent  in  the  at- 
mosphere, must  exercise  an  important  influence  in  the  economy  of  nature. 
What  this  influence  is,  is  not  definitely  knowa  There  can  be  but  littlo 
doubt,  however,  that  it  acts  as  a  purifying  agent — ozydiziog  or  burning  up 
noxious  products  floating  in  the  atmosphere.  This  supposition  coincides  with 
the  opinion  extensively  entertained,  that  when  ozone  is  in  excess  in  the  air, 
diseases  of  the  lungs,  influenza^  etc,  prevail  (as  would  be  expected  from  its 
irritating  character) :  and  that  when  it  is  deficient,  fevers,  etc.,  are  common.  ' 
Observers  generally  agree,  that  during  tjioee  seasons  in  which  cholera  ragee^ 
the  quantity  of  ozone  in  the  atmosphere  is  greatly  diminished. 

288.  Daily  ConRumption  of  Oxygen. — **It  is  not  eaay,"  says 
Professor  Faraday,  "to  form  an  adequate  idea  of  the  i^gregate  results  ac- 
complished by  oxygen  in  the  economy  of  the  world.  For  the  respiration  of 
human  beings  alone,  it  has  been  calculated  that  no  less  than  one  thousand 
millions  of  pounds  of  oxygen  are  doMy  required,  and  for  the  respiration  of  ani- 
mals double  that  quantity ;  whilst  the  processes  of  combustion,  fermentation, 
decay,  and  the  like,  continually  going  on,  increase  the  daily  sum  total  to  eight 
thousand  millions  of  ponnd<L  Reduced  to  tons,  we  have  the  figures  7,142,847 
as  representing  the  daily  consumption,  and  2,609,285,714  the  yearly  consump- 
tion. Taken  in  connection  with  these  statements,  the  fact  that  from  one  half 
to  two  thirds  of  the  bulk  of  all  the  matter  upon  our  planet  consists  of  oxygen, 
does  not  seem  wonderful. 

SECTION  II. 

ICAKAGEKENT    OF    QASES.  ' 

289.  Pneumatic  Trough. —  For  collecting  gases  not  absorbed  to 
any  considerable  extent  by  water,  an  arrangement,  known  as  the  Pneumatic 
Trough,  is  always  employed.  For  small  operations  this  apparatus  may  be  simply 
constructed  by  fixing  a  perforated  shelf  wiihin  a  shallow  dish,  or  wooden  tub, 
in  such  a  way,. that  when  the  vessel  is  filled  with  water  to  the  proper  height^ 


*  Prof.  Smallwood,  of  Montreal,  in  a  oommuiiicatioa  to  the  American  Anodatlon  for 
tbe  Advancement  of  Science,  in  1867,  stated  that  daring  the  aeven  yeare  ending  in  18&6, 
there  were -at  Montreal,  918  dayfi  on  which  rain  and  snow  fell ;  and  daring  the  like  period, 
there  were  816  days  on  which  oaone  was  present  in  the  air  in  appreciable  quantity. 

QVESTioirs. — ^Under  what  circnmstances  is  ozone  noticed  in  the  atmosphere?  What 
influence  is  ozone  supposed  to  have  in  the  economy  of  nature?  What  is  said  respecting 
the  daily  consumption  of  o^rygen  f  IBEow  ar&  gases  not  absorbed  by  water  coUeoted?  De- 
seribe  the  pneumatic  trengh. 
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the  ahalf  wDl  be  coTorod  bj  it  to  the  depth  of  about  pjn  sa 

an  inch.     (See  Fig.  SE,)     Another  and  more  elegant 
wrangement,  constructed  of  glas9,  and  suitable  ibr  J 
a  lectors  table,   is  repreaeQled  by  Ilg.  ST.      The^ 
vessel  intended  for  [he  reception  of  gaa  in  filled  with  ' 
water,  inserted  and  placed  upon  the  Bbelf  of  the 
pneumatic  trough,  with  Its  month  directly  over  the 
perforation  in  it.    The  extremity  of  the  gasMleliveriug 

j-jg^  g^^  tube,  wMch  dips  into  the  water, 

is  brought  directly  beneath  the 
sbel^  la  such  a  way  that  tbo 
bubbles  of  gaa  esca^nng,  ascend 
through  the  opening  in  the  dielf 
into  the  vessel  above. 

For  permanent  use,  the  pneu- 
matic trough  is  usuelly  oonstmct- 
^  ed  on  alaigerscale,  ofcopperor 
•   tin  plate,  or  ol  wood,  and  (hr- 
i  Dished  with  perlbrsted  shelve^ 
f  arranged  below  the  water  level, 
o{  Bufficient  extent  to  accommo- 
date  a  number  of  gas  receivers  at  the  same  Hma.    Hg.  88  represents  the  oaar 
Htruction  of  aucb  a  pneumatic  trough. 

Wateriasupportodin  p^     ^^ 

the  gas-receivers  above 
the  level  of  the  pneu- 
matic trough  by  reason 
of  the  pressure  of  the 
atmosphere,  oa  the 
same  principle  as  mer- 
cury is  sustained  in  the  | 
tube  of  a  barometer.  % 
■  Id  the  coUecUon  of 
gases  over  tiie  pneu- 
maUo  trough,  it  should 
be  observed  that  the 

gas  which  flrst  comes  over  is  roiled  with  the  atmospheric  a<r  of  the  generating 
vessel,  or  retort;  hence  a  volume  of  gaa  equal  to  about  twice  the  volume  of 
the  retort  should  be  allowed  to  escape,  ns  impure.  This  precaution  is  espe- 
cially to  be  attended  to  In  the  case  of  gases  (such  as  hydrogen)  which  Ibrm 
eiploaive  mixtures  with  atmospheric  iJr.  Gases  maybe  transferred  from  one 
vessel  to  another,  over  the  pneamatio  trougli,  with  the  utmost  faiality,  by 
flist  flUing  the  vessel  Into  which  the  gas  is  to  be  passed  with  water,  inverting 
it,  carefully  retaining  its  mouth  below  the  water-level,  and  then  bringing 

IJoiwnosB Whst  pruMutCon  ifmuU  tie  olJMrwrl  In  (aUfclIni!  guei  orar  ■  pDeummfla 

bangh  r    Hot  aaj  gtaea  bo  (nusfared  from  ooa  veuel  to  uotluiT  I 


Fig.  90. 
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p,„  go  beneath  it  the  month  cf  the  tm- 

Bel  ooDlsioiDg  the  gas.  (See  Fig. 
S9.)  On  gently  inoliniiig  the 
latter,  the  gu  pnaaci  into  the 
aecond  veneL 

Ajar,  wholly  or  partially  flUed 
with  gaa  at  the  paeomatic  trou^ 
may  be  removed  bj  placing  be- 
neath it  a  common  plate,  deep 
enough  to  coDlain  audciect 
water  to  cover  the  edgee  orthe  jar. 
In  this  way  gas,  especLallj  oxy- 
gen, may  be  preserved  for  a'con- 
sidetable  length  of  time  witbqnt 
admixture  wiUi  the  external  air. 
290.   Oviometeri. — In  ccdor  to  collect  and  preserve  large  quantities 

Of  gaa,  and  to  experimeat  with  them  moro  convenieiitly,  capadous  veeaels  of 

aheet-iron,  or  co[q)er,  called  gasomotera,  are  used.    Thej  consist  in  general 

of  a  (ylindrical  reservoir,  suspended 

wiUi  it!  irouth  downward,  and  Bt- 

ting  into  an  exterior  and  larger  cyl- 
indrical veogel,  or  dstem,  filled  with 

water,  aa  is  shown  in  Rg.  90,  which 

represents  3  pair  oTgaaometerB.  The 

inner  cylinder  moves  finely  In  the 

outer  one,  rimng  and  filing  as  the 

gas  is  forced  in  or  pressed  out    The 

posts  on  each  side  of  the  cjUndcr 

are   hollow,   and    contain  wc^ls, 

Binpended  to  and  balaudng  the  In- 

nor  moveable  cylinder,  so   that  it 

only  presses  on  (he  gaa  aa  required. 

An  upr^t  rod  of  metal,  shown  in 

the  engraving,  risii^  from  the  inner 

cylinder,  and  passing  throngfa  tlie 

supporting  irame-work,   keeps   the 

cylinder  steady  In  its  place,  as  it 

rises  or  ^Is.    Pressori^  ibr  forcing 

out  the  gas,  is  obtained  by  sUpping 

onto  this  rod  slit-weights  of  iron,  aa 

Is  intiodooed  into,  and  lischaiged  from  the  gas- 
1  pipe,  fhmished  with  stop-cocks,  and  entering  at 

the  bottom  of  the  stationary  cylinder.     For  convenience,  this  pipe  is  carried 

up  infront  of  the  gasometer  on  the  outside  (as  seen  in  the  engraving),  and  by 

QunTitofs. — What  are  gsnioebon  t    Her  ua  tbe;  BOuatmeted  1 
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meaoH  of  Beziblo  tubea  of  India-rubber  or  gu(ta-perdia,  which  screw  on  to  ila 
oxtremitj,  the  gaacao  be  conducted  to  any  diatance  aod  in  an;  direction. 

The  etop-cocks  seen  at  the  bottom  oC  the  gasometer  are  (or  the  puipose  ot 
letting  off  the  water,  whenerer  tbia  boeomea  oeceasary. 

The  large  gasomstcis  uaed  for  the  collection  and  storage  of  illuminadng  gaa 

are  conatructed  apon  precisely  amilar  prindplea.     Their  geoeraJ  constnicUoik 

is  repreaented  in  Fig.  91.     The  gas  from  the  retorts  is  couductcd  by  a  pipe 

Fig.  91. 


into  the  intertor  of  Uie  gaaameter,  and  elevates  it.  Another  pipe,  opening 
also  into  the  interior,  is  connected  with  the  service-pipes  which  supply  tlio 
gas.  The  gasometer  Is  bnlanced  by  counter  weights,  supported  by  chiuns, 
which  paaa  over  pulleys,  and  just  such  a  preponderance  is  allowed  to  it  as  is 
sufficient  to  give  tlie  enclosed  gaa  the  compression  necessary  U>  drive  it  through 
the  pipea  to  the  remotest  part  of  the  district  to  bC  illuminated, 

SECTION    III. 


I!quiv<deiU  1.  Symbol  H.  Density  0'0692  (Air— I.) 
291.  History. — Hydrogen  was  first  correctly  described 
by  CaTeodiBh,  an  Eoglisb  chemist,  in  1766.  Before  thia 
it  bad  been  confounded  with  several  of  its  compounds, 
under  the  designatioQ  of  inflammable  air.  Its  name  ia 
derived  from  vSuq,  water,  and  yevvaw,  I  give  rise  to,  and 
refers  to  its  production  of  water  by  uniting  with  oxygen. 

QuEHTioM&-'Wlut  la  the  histoiy  of  hjdrogen  1    WLat  la  1U  cqulvAlenl,  Kjmbol,  Aoi 
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292.  Natiril  Biilor;  and  DitlribatioB.— Hydrogea  ii 
oerer  fuiiad  ia  nature  in  a  free  state.  Tbe  Bubstaoce 
which  contains  it  ia  the  greatest  abandance  is  water,  of 
vhich  it  forms  oae  nin  t  h  part  by  weight.  As  a  constituent 
of  other  inorganic  bodies,  it  is  not  very  abundant  in  nature, 
but  in  the  organic  biogOoni  it  enters  largely  into  the  com- 
position of  most  animal  and  regel-able  substances. 

293,  Preparallan.— 'Hydrogen  ia  always  obtained  for 
practical  or  experimental  purposes  from  the  decompositioQ 
of  water. 

It  ia  liberated  in  tbe  stats  of  pcstest  parity  Uiroogb  tbe  agency  of  the  Tid- 
taid  cuttbdL  Wbea  Ule  wires  connectinp;  tba  poles 
of  a  galTanic  battery  in  action  are  cauaod  to  tenniaate 
in  water,  decompoeitioo  is  occamooed — bjdrogen 
being  evolred  at  the  negative  pole  and  oxygen  at  the 
positive.  (See  g  242,  p.  148.)  By  jdadng  tabes 
flUed  with  water  over  tbe  respective  polee  (see  Fi^ 
93)  the  two  gMM  ma;  be  collected  in  a  separate 

Water  can  no^  mider  M  ordionrj  drotmistanoei, 
be  decomposed  bj  the  actiia  of  beat  alone.*    Hydro- 
gen maj,  however,  be  separated  ftvm  water  by  heat- 
fug  this  fluid  in  contact  with  substances  which  absorb  ita  oxjgen.     Thba,  if 

tbe  vapor  of  water  (steam)  is  passed  over  finely  divided  iron,  heated  to  bright 

rednea:^  tbe  water  ia  decomposed,  o^iygen  unitiag  with  the  iron  to  form  oxyd 

1^  Iron,  and  hydrogen  bnng  set  free. 

This  expeiiment,  which  was  devised  by  Lavender,  in  order  to  prove  Uiat 

water  is  a   compound  subetance,  <a  p^^    ^^ 

easily  performed  by  pladnga  (       ''^ 

of  iron  filings  in  an  iron  tube 

barrel,   or  beCtnr,   a  porcotai: 

protected  by  a  covering  of  she 

MTangod  in  a  fliniace,  as  is  re 

ed  In  Fig.  93 ;  one  end  of  the 

connected  with  a  retort,  or  I 

eontoiaing  a  small  quantity  ol 

from  which,  by  tbe  heat  obtainm  uuui  -   - 


*  Hr.  Oram,  Um  amlneDt  Bn^b  phjildit.  bi 


hl^ 


■t  Ij  Bid  of  It!  nalnnl  blMor?  and 
obtalindt    Whmt  pnwa  yield*  il  In  Ibe  Knsteit  pDrlt^f 
OD  wUet  bs  dscompoaail  bf  butf    DssorilH  the  e^arlmant 
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a  spirit  lamp,  a  cntTont  of  Hteam  Is  driven  through  the  tube,  at  tbo  tnomen) 
th«  metal  baa  attained  a  ftill  rsd-beot 

If  the  omditloas  of  this  experiment  are  rerened,  and  a  stream  of  hydn^n 
be  made  to  paas  over  oxjd  of  iron  heated  to  redness,  tba  h; drogeD  unites 
with  and  removes  the  oxygen  <^  the  oxjd  of  icon,  thereby  leaving  metallio 
iron,  and  prodacii^  water. 

If  we  sprinkle  water  io  small  quantity  upon  red-hot  cools,  a  portion  of  it 
will  be  dMomposed  on  the  same  prindple  as  in  the  above  experiment  The 
oxygen  CDmUnes  with  the  carbon  and  increases  the  intenaitj  of  the  flro, 
while  the  liberated  hydrogen  bums  aod  develops  a  veiy  high  degree  of  heat 
Blacksmiths,  ft  is  well  known,  are  accustomed  to  ^rinkle  their  fires  with 
water,  in  order  to  angment  the  heat,  and  too  little  watet'  thrown  upon  a  confldr 
gration  will  often  produce  more  injury  than  benefit. 

Some  of  Hie  metals,  such  as  potassium  and  sodium,  are  capable  of  decom- 
ponng  water  (combining  with  the  oxygea  and  liberating  hydrogen),  witbcfut 
tiie  aid  of  heat    This  may  be  shown  by  the  fallowing  ex- 
periment:  "**■  ^*' 

Fill  a  glass  tnbe  with  water,  from  whtdi  the  lur  has  been  ^ 
exposed  by  boiling,  and  mvert  it  in  «  vessel  of  water.    Pass 
into  the  mouth  of  this  tnbe,  by  means     " 
piece  of  Bodidm,  as  is  represented  m  gig.  S3.     This  d 
being  tighter  than  water,  asoands  to  the  sarlkoe,  and  absorb- 
ing oxygen  tttxa  the  water,  r^idly  liberatea  hydrogen. 

Hydrogen  gas  is  most  conveniently  obtained  by  putting  pieces  of  dno 
or  iron  into  oil  of  vitriol,  or  strong  sulphuric  acid,  (Uluted  with  six  or  eight 
times  its  bnik  of  water.    Practically,  this  process  may  be  oonducted  as  Ii>l- 
lowa : — Introduce  into  a  suitable  jar  or  botUe  a  small  quantity  of  sheet  dno 
(or  in  Uie  absence  <rf  ana,  scraps  of  iron, 
'  amta,  etc)  cat  into  small  pieoei,  together 

with  water  sulBdent  to  more  than  cover 
the  same.  Then  add  a  small  quantity  of 
strong  sulphuric  add,  and  the  evolution  of 
gas  imniediately  commences.  By  inserting 
into  the  opening  of  the  flask,  a  perforated 
cork,  to  which  a  bent  glass  tnb«  Is  fitted 
(see  Fig.  96),  the  gas  is  eamly  collecled 
over  water  in  the  nsnot  way.  f  articular 
'  care  sboold,  however,  be  taken  not  to  ad- 

^  mil  the  gas  into  a  receiver,  nntil  all  the  at- 
mospheric ail  in  the  flask  has  been  esipetled. 
An  ounce  of  doe  is  sufficient  to  Uberat« 
from  water  about  two  and  a  half  gallons  of 

QlTMnoiis,— Wb;  doa  i  faUckmiilh  iprlnklo  Ua  Area  vilh  vaterF    Do  (oy  of  ttao 

Bos  li  bydtt^en  obUfaied  moil  conrBnlsnUr  t    Dwalbe  tbe  praedal  peifonuocs  of  IH* 


202  INOBQANIC    CHEMISTBY. 

hydrogen,  and  the  evolution  of  the  gas  is  regulated  by  the  sapplj  of  acid.  Bj 
means  of  a  fUnncHube  fitted  into  the  cork  of  the  generating  Tessel,  and  de- 
scending within  the  vessel  to  a  point  betow  the  level  of  the  contained  liqiud 
(see  Fig.  96^  the  add  may  be  added  fix>m  time  to  time  in  exactly  the 
quantities  necessary  to  produce  the  best  eflfect  No  gas  can  escape  by  this 
Fia,  06.  fiinncl-tube,  as  its  extremity  within  the  vessel  is  always  cot- 
ercd  by  the  fluid. 

The  theory  of  the  liberation  of  hydrogen  in  this  process  is  as 
follows :  neither  zinc  nor  iron  is  capable  of  uniting  directly,  w 
a  metal  with  sulphuric  acid;  but  oxyd  of  zinc  and  of  iron 
combine  readily  with  it.  Thus  a  decomposition  of  water  is 
determined.  The  zinc  or  iron  takes  oxygen  from  the  water, 
and  forms  oxyds  of  these  metals  respectively,  while  the  hydro- 
gen before  in  combination  with  the  oxygen  passes  off  in  the 
gaseous  form.  The  oxyds  of  zinc  and  iron  formed  are  inso- 
luble in  water,  but  are  readily  dissolvea  by  the  sulphuric  acid, 
forming  salts  of  sulphate  of  iron  or  zina  The  surface  of  the  metal  is  thus  left 
clean  and  exposed  to  the  water,  from  whidi  it  attracts  another  portion  of 
oxygen,  which  is  dissolved  as  beforoL  The  reaction  T7hich  takes  place  may 
be  expressed  by  the  following  equation : — 

Zn+S0«+HO— Zn  0,  SOj+H. 
Sulphuric  acid  does  not  take  any  direct  part  in  the  decomposition  of  the 
water;  but  its  presence  seems  to  facilitate  the  processes  by  increasing  the  af- 
finity between  the  metal  and  the  oxygen  of  the  water ;  it  also  dissolves  the 
oxyd  as  fiist  as  it  is  fbrmed,  which  is  essential  to  the  continuance  of  the  ac- 
tion. 

294.  Properties  • — ^Hydrogen  is  a  colorless  gas,  which  has  never  been 
liquefied.  When  pure^  it  is  without  taste  or  odor,  but  as  prepared  in  the  way 
last  described,  it  has  a  nauseous,  disagreeable  odor,  arismg  from  the  presence 
of  impurities  contained  in  the  materials  used.  It  is  slightily  soluble  in  water, 
and  does  not  support  respiration :  an  animal  plunged  in  it  soon  dies  for  want 
of  oxygea  When  mingled  with  a  large  quantity  of  air,  it  may  be  breathed 
for  a  time  without  inconvenience,  and  the  voice  of  the  person  inhaling  it,  ac- 
quires a  peculiair  shrill  squeak.  Sounds  produced  in  this  gas  are  hardly  per- 
ceptible. 

Hydrogen  is  the  lightest  substance  in  nature,  being  sixteen  times  lighter 
than  oxygen,  and  14*4  Ughter  than  air ;  100  cubic  inches  of  it  weigh  only 
2*14  grains.  Owing  to  its  levity,  it'  has  been  extensively  used  in  filling  bal-. 
loons,  which  begin  to  rise  when  the  weight  of  the  material  of  which  they 
are  made  and  the  hydrogen  together,  are  less  than  the  weight  of  an  equal 
bulk  of  air.  At  the  present  time,  coal  gas,  owing  to  the  greater  &cility  with 
which  it  can  be  obtained,  is  generally  substituted  in  the  place  of  hydrogen  for 

- — ■ ■    — ■ -  -  -    -        ■ ■   _ 

QuMnoKS.— What  is  the  theory  of  the  liberation  of-hydrogen  under  saeh  cirenmistaQees  ? 
What  is  the  chemical  reaction  ?  What  part  does  the  sulphuric  acid  sustain  7  What  ar« 
the  properties  of  hydrogen  f    What  is  said  of  the  lightness  of  hydrogen  7 
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■arostallc  purposes — allhough  oTmoch  greater  deosi^.  Soq»-bubbleB  inflated 
with  hydrogen  lise  rapidly  through  the  sir.  la  order  to  obtain  th«ee  bubbles, 
iru  fill  a  bladder,  or  gas-bi^,  provided  with  a  stop-cock,  wilh  hydrogen  gaa, 
and  attach  to  the  stop-cock  a  comnion  tobacovpipe,  or  what  is  better,  one  of 
metal  (See  Fig.  99.)*  The  extremity  oT  the  pipe  is  dipped  into  Boap^ad^ 
and  tho  bubbles  are  blowit  by  opening  the  Btop«93cl£  and  geatly  preamng  the 
bladder. 

Hydrogen,  beside  beii^  the  lightest  body  in  nature,  posaeasea  also  tho 
greatest  tenuity,  and  there  is  reason  for  supposing  that  its  atoms  or  molecules 
are  smaller  tlian  those  of  any  oilier  known  substance.    So  roccptude  that  is 
at  all  porous,  as  a  bladder  or  India-rubber  b^,  can  be  used  for  storing  hy- 
drogen Ibr  any  consideTable  length  of  time,  the  remarkable  law  of  the  diiHi- 
EiOD  of  gases  already  explained  (^  S2,  p.  39)  promoting  its  escape,  and  caus- 
ing an  interchange  of  the  sorrounding  air.    Faraday,  in  an  attempt  to  liquefy 
hydrogen  through  the  agency  of  cold  and  pressure,  tbund  that  it  would  leak 
fmcly  with  a  pressure  of  29  atmospheres  tiirough  stop-cocka  which  wero  per~ 
fectly  tight  with  nitrogeu  at  60  atmospheres.     A  miuute  crack  in  a  glass  jar, 
quite  too  small  to  leak  with  water,  will  allow  hydrogen  to  escapo  readily. 
'Hydrogen  also  enters  into  combination  in  a  srnallet  proportionate  weight  than 
any  other  dement,  and  has  hence  been  chosen  as  the  unit  of  the  scale  of 
equivalents.    Owing  to  the  ligjitjieas  of  hydrogen,  a  jar  may  be 
filled  with  it  by  displacement,  without  using  the  pnoumatio       Fio.  97. 
trough.     Thus,"if  a  bottle  or  jar  bo  inverted  over  tho  extromily 
of  an  upright  tube  delivering  the  gas  (see  Fig.  91),  the  ah-  it 
coatains  will  bo  entirely  displaced  by  the  iiydrogen  rising  iuUi 
it     The  gas  may  lie  retained  for  some  minutes,  even  when  re- 
moved from  the  source  of  supply,  providi^d  the  jar  be  still  held 
in  BO  inverted  position ;  but  if  il^  mouth  be  turned  upward,  the 
gas  almost  iuimediateiy  escapes. 

295.  Combasliou   of   H  y  d  r  o  g  e  n  .—Hydrogen  U  ex- 
tremely inflammablq;  when  a  lighted  taper  is  plunged  into  a 
jar  of  it,  the  gas  takes  fire,  but  the  taper  is  extinguiehod,  since 
there  is  no  oxygen  above  the  mouth  of  the  jar  to  support  coju- 
buation.    This  experiment  ia  best  shown  by  thrusting  up  a 
lighted  bit  of  candle  into  an  inverted  jar,  or  botUe  of  hydrogen. 
The  ignited  gas  buma  quietly  at  tho  mouth  of  tho  jar,  and  tho  extinguished 
candle  may  be  again  relighted  by  it.    If  the  bottle  is  suddenly  reversed  alter 
tbe  gas  has  burned  awhile,  the  remabing  gas  will  burst  into  fiame  with  a 
slight  exploeioD. 

to.,  are  prflpamd  MpfldaDy  f«i 
&  tob&AcD.plpe  Attached  to  tba  IndLt 
rubber  delivery-tuba  ol  m  gMflomvter  niAy  atw  ba  employed. 

QmsTioHB,— What  of  Its  Cennit;  and  HnialliieaB  of  particles  t  What  are  aonn  UluBtra- 
tioDa  of  Lhese  properUee  7  Why  has  hf dro^n  bma  ehoaon  oe  the  unit  ef  the  ac*le  of 
equlraloiUf    What  !■  aaid  of  tbs  influiimablUtj  of  bjdrogBD  t 
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A  jet  of  hydrogen  boniB  with  a  bhiiah  white  flame,  and  a  feeble  light    The 
experiment  can  be  shown  by  adapting  to  the  cork  of  a  flask  fix>m  which  by- 
Fio.  98.       drogen  is  eyolyedy  a  piece  of  pipe-stem|  or  a  small  glass  tabe 
drawn  ont  to  a  point    (See  Fig.  98.) 

If  a  dry,  cold  tumbler  be  held  over  a  jet  of  burning  hydro- 
gen, its  interior  will  rapidly  become  covered  with  a  copious 
deposition  of  moisture.  This  results  from  a  condensation  of 
the  vapor  of  water  produced  by  the  union  of  the  hydrogen 
with  the  oxjrgen  of  the  atmoq)here. 

296.  fixploBLon  of  Mixed  Oxygen  and  Hy- 
drogen .-^-If  the  hydrogen  before  being  kindled  is  mixed 
with  air  sufficient  to  bum  it  completely,  or  with  between  two 
and  three  times  its  volume,  and  then  ignited,  combustion  takes 
place  instantaneously  throughout  the  whole  mass^  and  is  attended  with  a  vio- 
lent explosion.  Hence  particular  caution  is  necessary  in  using  hydrogen  to 
avoid  the  slightest  admixture  of  common  air. 

When  pure  oxygen  is  substituted  in  the  place  of  air,  the  explosion  is  much 
more  violent 

A  mixture  of  oxygen  and  hydrogen  wiU  never  unite  under  ordinary  cir- 
cumstances of  temperature  and  pressure ;  but  the  passage  of  an  electric  spark, 
or  the  application  of  an  intensely  heated  body,  will  cause  instantaneous  union, 
accompanied  by  an  explosion.  The  product  of  such  combination  is  always 
water. 

In  illustrating  by  experiment  the  explosive  combinaticm  of  oxygen  and  hy- 
drogen, the  proportions  which  produce  the  best  effect  are  2  of  hydrogen  to  5 
of  air,  or  2  of  hydrogen  to  1  of  oxygen.  As  the  explosioDS  are  most  violent^ 
small  quantities  only  of  the  mingled  gases  can  be  safely  employed. 

The  experiments  may  be  varied  by  inflating  a  soap-bubble  with  the  gas- 
eous mixture,  and  igniting  it 

with  a  candle  as  it  ascends ;  ^'®'  ^^* 

or  by  blowing  up  a  quantity 
of  bubbles  in  a  shallow  dish, 
as  is  represented  in  Fig.  99; 
or  by  filling  a  bladder  with 
the  mixed  gases,  and  ignit- 
ing it  from  a  distance  by 
means  of  a  candle  fixed  to 
the  end  of  a  ix>le. 

What  is  called  the  hydrogen-gun  consists  of  a  strong  tin  tube,  about  as 
inch  in  diameter  and  eight  inches  in  length,  open  at  one  end  and  provided 
with  a  small  vent  hole  at  the  other.    In  loading  it,  the  vent  is  stopped  by 

QuiMTiOKB.— What  are  the  pecnUaritiefl  of  the  hydrogen  flame?  If  a  cold  glass  tnm- 
bler  be  held  over  the  Jet,  what  phenomenon  is  noticed  ?  If  hydrogen,  before  ignition,  be 
mingled  with  air,  what  happens  ?  Will  oxygen  and  hydrogen  nnito  of  their  own  accord  ? 
What  are  the  best  ezploslTe  roixtaros  of  oxygen  and  hydrogen  ?  How  may  the  ezplosiva 
effects  of  mixed  hydrogen  and  oxygen  be  illustrated  f    Explain  the  hydrogen-gon. 
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wax,  the  tube  filled  with  water,  and  the  proper  mixtufe  of  gaaos  introduced 
finom  a  receiver  under  water.  The  tube  thns  filled  is  dosed  with  a  coriE,  and 
afterward  fired  at  the  vent  The  explosion  is  suflQcient  to  expel  the  cork 
with  violence,  and  produce  a  loud  report  The  same  experiment  may  be 
more  simply  performed  by  inverting  a  vial,  or  test  tube  over  a  jet  of  bydro- 
gcQ,  and  allowing  the  escaping  gas  to  mnigle  with,  but  not  wholly  displace  the 
air.  The  mixture  thus  obtained  may  be  exploded  by  applying  flame  to  the 
mouth  of  the  tube. 

The  loud,  sharp  report  which  ^ttends  the  combination  of  oxygen  and  hy« 
drogen  under  these  circumstances,  is  explained  as  follows :— The  steam,  which 
is  the  resulting  product  of  the  union,  suddenly  expands  from  the  high  tem- 
perature attendant  on  the  combustion,  and  immediately  afterward  condenses  ; 
igreat  dilatation  is  first  produced,  followed  by  the  formation  of  a  partial  vacuum ; 
the  BUiToundiDg  lur  rushes  in  to  fill  the  void,  and  by  the  collision  of  its  par 
tides  produces  the  report.* 

The  inflammation  of  an  explosive  mixture  of  oxygen  and  hydrogen,  or  of 
hydrogen  alone,  in  contact  with  air,  is  not  <mly  effected  by  a  lighted  taper,  or 
the  electric  spark,  but  it  likewise  takes  place  in  the  cold  by  the  action  of  cer- 
tain substances,  the  prindpal  of  which  is  **  platinum  sponge,**  or  platinum  in 
a  loosely  coherent  state,  f 

If  we  throw  a  piece  of  platinum  sponge  into  a  vessel  containing  a  mixture 
of  2  parts  of  hydrogen  to  1  of  oxygen,  a  combination  of' the  two  gases,  ac- 
companied by  an  explosion  immediately  ensues.  The  same  thing  also  takes 
place,  but  more  slowly,  when  a  thin  plate  of  platinum,  renderfnl  chemically 
dean,  is  employed. 

This  phenomenon  has  been  considered  as  one  of  catalysis  (p.  161),  or  in 
other  words,  as  due  solely  to  the  mere  presence  of  the  platinum ;  but  it  is 
now  generally  believed  to  be  the  result  of  adhesion  (§  48).  The  gasf^s,  it  is  sup- 
posed, by  reason  of  a  strong  adhesion  to  the  metal,  are  condensed  upon  its 
surface,  and  being  thus  brought  within  the  sphere  of  each  other's  attraction, 

•  "  The  vbole  range  of  natural  phenomena/*  sajs  Profeaoor  Faraday,  "  deep  *«ot  pre- 
■ent  a  more  vonderftil  'result  than  this  yiolent  comhination  of  oxygen  and  hydn^n. 
Well  knows  and  familiar  though  it  be — a  fact  standing  on  the  Tery  threshold  of  chem- 
istry— ^it  ts  one  vhich  I  ponder  oyer  again  and  again  irith  tronder  and  admiration.  To 
think  that  these  two  violent  elements,  holding  in  their  admixed  parts  a  force  of  the  most 
eztraordinary  kind — a  force  which,  if  we  reduce  it  to  a  certain  kind  of  comparison,  will  be 
found  equal  to  the  power  of  many  thunder-storms— should  wait  indefinitely  until  some 
cause  of  union  be  applied,  and  then  furiously  rush  into  combination,  and  form  the  bland, 
nnirritating  liquid,  water; — is  to  me,  I  confess,  a  phenomenon  which  eonttnually  awakeni 
new  feettngs  of  wonder  as  often  as  I  view  It** 

t  Platinum  sponge  is  easily  prepared  by  soaking  a  small  piece  of  bibulous  paper  in  a 
aoiutionof  platinum  (the  bi-chloride  of  platinum)  and  afterward  drying  and  igniting  it. 
A.  little  pellet  of  asbestos  may  be  substituted  with  advantage  in  place  of  the  paper.  The 
sponge,  after  a  little  time,  loses  its  peculiar  property,  but  it  can  be  again  restored  by  being 
Btrouf^y  ^ited. 

QunnoKB.— What  occasions  the  detonation  ?  How  may  a  mixture  of  oxygen  and  by- 
drogen  be  exploded  without  the  direct  application  of  an  ignited  nibatance?  What  is 
tpongy  platinum  f   What  experiment  illustrates  its  action  t 


IVOBQAVIO    OH 


Otber  Ilnel7  divided  BabBtaDoea  beside  platinum  poneaa  this  propertr  of 
bvoring  the  oombinatlon  of  oxjgen  and  hydrogen  in  an  inienor  degree. 
Etod  poanded  gfMe,  cbarooal,  pumice,  rock-oTBlal,  elc^  if  wanned  to  GDO° 
F.  produc;)  tbis  e9bct.  Fioolj  diTided  palladium,  rbodinm,  »nd  iridium  tw^ 
in  tbe  aama  manoor  aa  pUtinum. 

If  ire  prajoct  a  jot  of  hydrogen  alone  upon  idatinuni  aponge,  tbia  sabatance 
becom33  incanleesenC,  and  the  gaa  iDfiatnce. 

331.    DoberelDer'n     Inflanmabis     lamp.  — Advantage  hsa 
Via  inn  been  taken  of  tbia  drcnmatance  to  conatnict  a  machine  for 

obtaining  fire  instantly  by  means  oC  hydrogen  gaa^    It 
conMatfloTacoDicaJ  glasa,  Elg.  100,  attadied  to  a  {data  and 
.    at<^<ock,  and  suspended  in  a  raceiTeT,  a,  containing  anl- 
phorie  acid  and  water.     Witbin  the  inner  veaiel  a  piece  oT 
title,  E,  ia  anqieaded,  and  this  by  contact  with  the  dilute 
!    add  ert^Tce  hydrogen.     The  gaa  accumnlating  in  the  in- 
'    ner  veeael  foroea  the  acid  into  tbe  onter  veeael,  octil  it  do 
^Mlg«  touobea  the  zinc,  and  thaa  stops  the  further  evolu- 
tion of  hydrogen.     By  opening  the  stop-cock,  c,  the  aoca- 
N  tanlated  gaa  issuea  upon  a  ball  of  apongy  plallnum,  d,  and 
/  ahnoet  immediately  takes  fire.     Aa  Giat  aa  the  gaa  eecapea 
fivm  tbe  interior  veaaol,  the  aulphurio  acid  wbicb  baa  been 
displaced  rises  to  take  its  place,  and  again  coming  in  contact  with  the  xaK^ 
evolves  a  firah  aopply  of  hydrogon.  j^g  201 

299.  Ma  I  leal  Tones.— If  a  ghisa  tube,  open  at 
both  ends,  be  held  over  a  jet  of  burning  hydrogen  (see  Rg. 
101),  a  rapid  current  ot  air  is  produced  through  the  tube, 
whidi  occasions  a  flickering  of  the  dame,  attended  by  a 
aerioB  of  small  explomona,  that  auccoed  each  other  so  rap- 
idly, and  at  aoch  regular  intervals,  aa  to  give  rise  to  a 
musical  note,  or  coaUaooui  sound,  the  pitch  and  quality 
of  which  varies  with  tbe  length,  thicknees,  and  diameter 
oftho  tulie.  By  sounding  the  same  note  with  the  voice^  a 
tuQing-tbrlc,  or  mu^cal  instrument,  the  ainging  of  the 
flams  may  be  interrupted,  or  caused  to  ceasa  entirely ;  or 

299.  Heat  fienerated  by  the  Combnnlion 

of  Hydrogen  .—The  flame  of  hydrogen,  although 
slightly  luminooa,  produces  a  great  degree  of  heat  When 
tbe  combustion  Is  aasiated   by  oxygon  gaa,  the  heat  gen- 

QunsTio^B.— Wliit  other  iDlxtAneei  powew  rimiUr  jiropertla  t    Wlian  «  Jot  of  hj-di* 
gi!ii  Ii  Ihrown  npna  ipongy  ptatinnm,  1 "  "  .  .    -■  -  -  -.  "-V- 

Heed  t    Wtut  la  Hid  al  Mia  beattng  eOi 
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erated  is  most  intense^  aad  ia  oaty  wanedad  bj  that  produced  by  electrical 
Bgencf. 

300.  OiThfdrogen  Blon-pip«.  Fio.  102. 
—-Tlie  practical  arrangement  fi>r  e&bctiag 

the  combustion  of  hydrogea  b/  oxygen, 

ia    knowa   as    the   "  Oxyhydrogea"  or 

"  Ctnapound"  Blow-pipe.    As  commoDly 

coQstmcted,  it  consists  of  two  gaaometera, 

contaimng,  the  one  oxygeu,  and  the  other 

hjdrc^en.    (See  Fig.  102.)   Tabes  leading 

&om  these  arc  brought  together  at  their 

extremities,  and  the  two  gases  delivered 

from  apertures  situated  l-30th  oTan  inch 

apart,  aro  burned  in  a  single  jet    Tbe 

best  reanh  is  attained  b?  BO  arrai^png  the 

Btcq>-cnckB  of  ttie  gasometers,  that  thtf 

volume  of  hydrogen  flowing  out  shall  be 

double  that  of  the  oz^en. 

Tbe  eETccts  of  the  compound  blow-pipe 

may  be  produced  in  a  degree  by  paSMOg   , 

a  stream  of  hydrt^n  through  tbe  flume  I 

of  a  spirit-himp,  as  is  represented  in  Fig.  ' 

103. 

The  eflbds  of  tbe  oxyhydrogen  blow- 
pipe are  very  remarkable.    Subatajicea  that  are  iufiulble  in  the  most  intenae 
Pj„  ^{,2  blast  furnaces,  melt  in  the  heat  Ot 

its  fbcus  with  the  rapidity  of  wax. 
Iron,  copper,  zinc,  and  other  metals, 
mctt  and  bum  in  it  readily ;  the 
first  (when  a  vatch-spring  or  steel 
file  is  employed)  with  beautifhl  sdn- 
tiliatioiis,  and  the  latter  with  char- 
acteristic colored  flames.  Ihick 
platinum  wire  melts  in  it  with  ease, 

tod  may  bo  even  volatilized.     Kock-crystal  c^n  be  Hquefled  and  drawn  oat 

Into  threads  like  glass,  and  the  stem  of  a  tobacco-pipe  moy  bo  flised  into  an 

tnamcl-Iike  bead. 
When  the  jet  of  the  two  gases,  ailcr  being  set  on  flre,  ia  directed  under 

water,  it  continues  to  bum  beneath  tbe  Burfaco  of  the  liquid,  in  the  Ibrm  of  a 

globe,  and  fatea  sad  burna  metalhc  wires  heli  ia  it. 

301.  Drnmmond  Light  — The  flame  of  the  ozyhydrogeu  blow-iMpe 
is  very  pale  in  itself  but  diffbses  a  dazzling  light  as  soon  as  any  solid  body 
is  introduoed  into  it.    Sy  cauaiug  tbe  flame  to  (ail  upon  a  cylinder  of  quick- 

T-plpa.    'Wliat  us  nme  of  tbe  eSHta  pro- 
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lime,  an  artificial  light  is  produced,  irhicfa  fi>r  whiteness  and  brilliancy  may  be 
compared  to  the  sun  itseIC  With  the  requisite  sup^^j  of  gases  tlus  light  may 
be  maintained  for  hours,  care  being  taken  to  expose  to  the  flame  fresh  sur- 
faces of  the  lime,  by  causing  it  to  reyolve  by  clock-work  continually,  but 
slowly.  This  light  is  generally  known  as  the  *'  Brummond  Light,"  from  the 
name  of  an  English  engineer,  who  first  used  it  for  signalizmg  at  great  dis- 
tances ;  it  is  also  often  termed  the  "  lime  light" 

The  distances  at  which  this  light  may  be  seen  when  its  rays  are  concen- 
trated by  a  parabolic  mirror,  are  very  great.  In  one  instance,  during  the 
prosecution  of  the  trigonometrical  survey  of  Great  Britain,  it  was  seen  by 
observers  stationed  upon  a  mountain  peak,  at  a  distance  of  108  miles,  during 
daylight. 

The  combination  of  hydrogen  with  other  bodies  is  not  attended  with  the 
development  of  light  and  heat,  with  the  exception  of  oxygen  and  chlorine — 
two  of  the  most  highly  electro-negative  .of  all  known  substances. 

302.  The  Chemical  Cbarticteristics  of  Hydrogen  ally 
it  very  closely  with  the  metals — -particularly  with  zinc  and  copper — and  there 
are  some  reasons  for  supposing  that  it  is  itself  a  metal,  exceedingly  volatile, 
and  sustaining  in  this  respect  the  same  relation  to  mercury,  that  mercury 
does  to  platinum.  The  fact  that  it  is  wanting  in  luster,  hardness,  and  bril- 
liancy-^ualities  which  are  popularly  considered  as  essential  attributes  of  tho 
metals — ^is  no  argument  against  this  supposition,  inasmuch  as  mercury,  when 
yaporized  through  heat,  is  as  transparent  and  colorless  as  hydrogen  itself 
The  vapor  of  mercury  and  of  other  volatile  metals  is  also,  like  hydrogen,  a 
non-conductor  of  heat  and  electricity.  Tet  mercury,  in  the  state  of  vapor,  is 
DO  less  a  metal  than  in  its  ordinary  condition. 

Although  hydrogen  is  the  lightest  and  the  most  attenuated  substance  in 
nature,  and  combines  in  the  smallest  proportional  quantity  of  all  the  elements^ 
its  active  power,  considered  in  relation  to  its  combining  weight,  is  very  great 
Thus,  it  combines  with  chlorine  in  the  ratio  of  1  part  by  weight  to  36  ;  with 
bromine  1  to  80 ;  and  with  iodine  as  1  to  125 ;  yet  in  each  case  it  abun- 
dantly satisfies  the  combining  affinities  of  the  other  elements,  generates  by 
its  union  powerful  and  not  easily  decomposed  acids,  and  in  every  other  re- 
spect manifests  an  equality  of  force.  This  circumstance  of  so  much  power 
existing  in  connection  with  so  little  ponderable  matter,  is,  regarded  by  Pro- 
ftflsor  Faraday,  as  one  of  the  most  remarkable  characteristics  of  hydrogen. 

303.  Componnds  of  Hydrogen  with  Oxygen.— But  two 
compounds  of  hydrogen  with  oxygen  are  certainly  known  to 
exist* — ^the  protoxyd  of  hydrogen,  or  water,  whose  chem- 

*  Aeoordlng  to  tome  anfhoritleB,  there  is  a  third  oomponnd — ^the  saboxyd  of  hydrogen 
—formed  hj  the  gradual  absorption  of  hydrc^n  by  water. 

QiTKSTioiis. — To  what  distanee  is  this  light  Tisible  7  Are  the  combinations  of  hydrogen 
generally  accompanied  by  erolutions  of  light  and  heat?  What  is  said  of  the  nature  of 
hydrogen  ?  What,  according  to  Faraday,  is  one  the  most  remarkable  characteriities  of 
hydrogen  ?    What  compounds  does  hydrogen  form  with  oxygen  ? 
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ical  symbol  is  HO,  and  the  peroxyd  or  binoxyd,  whose 
symbol  is  HOj.  '  Water  is  the  only  natural  combination  ; 
the  binoxyd  being  an  artificial  preparation. 

304.  W  a  t  e  r  is  the  most  important^  and  at  the  same  time  the  most  re- 
markable of  all  chemical  oompouDds.  It  is  the  most  abundant  substance  ex- 
isting in  a  separate  condition  upon  the  fiice  of  the  earth,  and  covers  to  an 
unknown  depth  three  fourths  of  its  surface.  Water  enters  largely  into  the 
oomposition  of  nearly  all  organized  matter,  and  of  every  structure  that  pos- 
sesses corporeal  vitality,  it  is  im  essential  element* 

305.  CompoBitionof  Water . — ^Water,  as  has  been  already  stated, 
is  formed  by  the  union  of  two  volumes  of  hydrogen  and  one  of  oxygen,  or 
by  weight,' of  8  parts  of  oxygen  to  1  of  hydrogen.  The  composition  of  water 
by  measure  and  by  weight,  upon  which,  as  a  basis,  the  whole  theory  of  atomic 
constitution  and  the  doctrine  of  equivalent  proportions  rests,  may  be  proved 
by  a  great  variety  of  experiments,  both  by  analysis  and  by  synthesis. 

By  analysis,  by  decomposing  water  by  the  galvanic  current  (§  242,  p.  148), 
and  by  passing  the  vapor  of  water  over  red  hot  iron  (§  293).  By  synthc- 
aa,  by  uniting  the  two  gases  in  proper  proportions  by  combustion — ^by  the 
action  of  spongy  platinum — by  the  electric  spark — and  by  passing  a  current 
of  hjLdrogen  over  oxyd  of  copper,  heated  to  bright  redness. 

The  most  reliable  synthetical  process  is  that  last  indicated.  The  hydrogen 
pasamg  over  the  heated  metallic  oxyd,  combines  with  its  oxygen  and  forms 
water,  which  passes  off  as  steam — the  copper  being  left  in  a  metallic  state, 
the  steam  collected  and  condensed  gives  the  weight  of  the  water  formed ;  the 
loss  in  weight  which  the  metallic  oxyd  experiences  gives  the  weight  of  the 
oxygen  which  has  entered  into  the  composition  of  the  water ;  and  the  dif- 
ference between  these  two,  gives  the  weight  of  the  by-  FiQ.  104. 
drogen  contained  in  the  water. 

Eudiometer . — An  apparatus  by  which  a  mixture 
of  oxygen  and  hydrogen  can  be  exploded  by  the  electric 
spark,  and  the  resulting  product  collected  and  examined, 
is  termed  an  Eudiometer.  It  consists  of  a  graduated 
glass  tube  usually  placed  over  mercury,  and  so  arranged 
that  an  electric  spark  can  be  passed  into  its  interior.  (See 
^.  104.)  When  a  mixture  of  oxygen  and  hydrogen  is  ex- 
ploded in  such  a  tube  over  mercury,  a  vacuum  is  formed 

*  A  man  of  164  Ibo.  weight  is  made  up  of  116  lbs.  of  water  and  only  38  lbs.  of  dry 
matter:  yet  this  proportion  of  water  ia  small  in  oomparlaon  with  the  amount  that  entcw 
into  the  eeonomy  of  oertaln  of  the  lower  orders  of  animals.  Of  that  class  of  sea-animals 
known  as  the  mednsee,  for  example,  it  is  estimated  that  at  least  99.100th8  of  their  whole 
"^ctoTQ  by  weight  consists  of  water.  They  have,  therefore,  not  inaptly  been  termed 
**  living  forms  of  water."  

Quwnows.— What  la  said  of  water  ?  What  Is  the  oompositton  of  water  by  measure  and 
^bt?  How  is  the  composition  of  water  proved  by  analysis!  How  by  synthesis! 
^^^Jut  is  the  most  reliable  synthetical  method,  and  how  is  th«  eompositioa  of  water  salcu- 
lated  from  the  results  obtained  ?    What  is  an  eudiometer  t 
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by  reason  of  their  muon  and  condensation,  and  the  mercory  rises  to  fill  it. 
If  the  gases  are  mingled  in  the  exact  proportion  to  form  water,  the  com- 
bination will  be  completo,  and  both  will  disappear  entirely.  I^  however, 
one  of  the  two  elements  is  in  excess,  a  gaseous  residuum  will  remain.  Thus, 
suppose  we  introduce  into  the  eudiometor  100  measures  of  hydrogen  and 
75  of  oxygen,  we  shall  find  after  combustion  25  of  oxygen  remaining,  bnt 
none  of  hydrogen.  Therefore,  100  of  hydrogen  have  combined  with  50  <^ 
oxygen,  or  the  union  has  taken  place  in  the  proportion  of  2  Tolumea  to  1. 
The  graduations  marked  on  the  eudiometer  tube  enable  us  to  proportion 
the  quantities  of  the  gases  to  be  introduced,  and  also  to  estimate  by  the 
space  unoccupied  the  volume  of  the  residuum  remaining  alter  the  combination. 

306.  History . — ^The  history  of  water  constitutes  one  of  the  most  inteiv 
esting  portions  of  the  whole  record  of  physical  philosophy.  The  old  Gk^eek 
philosopher  Thales,  in  the  earliest  dawn  of  scientific  speculation,  taught  that 
water  was  the  "  first  and  fontal"  element  of  all  material  things — ^the  eariiest 
created  substance.  At  a  subsequent  period,  it  was  considered  to  be  one  of 
Jour  primal  elements;  earth,  air,  and  fire  being  the  other  threa  This  vie^w 
of  the  elementary  character  of  water  remained  unquestbned  until  nearly  the 
close  of  the  18th  century,  or  about  the  time  of  the  first  French  revolutioii. 
Yon  Helmont,  a  contemporary  of  Gkdileo^  and  one  of  the  most  eminent  scien- 
tific men  of  his  day,  maintained  the  doctrine  that  water  was  convertible  into 
earth,  and  the  following  experimental  results  were  appealed  to  as  affording^ 
indisputable  evidence  of  the  fad^  viz.,  that  a  tree  when  transferred  from  earth 
to  water  continues  to  develop  itself  and  derive  solid  constituents  from  the 
liquid;  and  that  when  water  was  evaporated  to  dryness  in  a  vessel,  an 
earthy  residuum  always  remained.  The  inference  trom  these  experiments  was 
not,  however,  that  water  was  a  compound  body,  but  rather  that  it  possessed 
a  generative  character,  and  produced  all  the  elements  neoessaiy  for  vegetable 
existence.* 

Sir  Isaac  Newton,  in  1*704.  in  the  course  of  his  optical  researches,  remarked 
that  water  and  the  diamond  both  refracted  light  in  the  same  way  as  sub- 
stances of  a  highly  inflammable  character.    Ho  in  oonsequenco  predicted  the 

*  It  Is  not  a  lifcUe  ringnlr  that  the  oorapomid  eharseter  of  water  Bhdnld  have  remaiBed 
80  long  andeteoted  bj  tJie  Egyptians^  Greeks,  and  Bomana,  vho  carried  tome  branehea 
of  economical  chemistrjr  to  a  high  degree  of  perfection,  or  In  later  timea,  by  the  Arabian 
ehemifiti,  or  the  medlaBval  alchemistB.  It  would  seem  as  if  the  phenomena  of  vegetation, 
and  of  animal  life,  if  they  had  been  watehed  with  attention,  would  have  ihown  that  tho 
elementary  character  of  water  was  a  most  questionable  doctrine.  **  Not  a  weed  erer  grew 
but  what  was  possessed  of  .the  secret  of  its  composite  nature ;  not  an  animalcule  erer  lived 
but  daily  decomposed  and  changed  the  *  indivlfdble'  into  its  own  structure.  No  one,  how- 
ever, understood  their  language,  or  tried  to  Interpret  it,  and  hieroglyphics  which  seem  to 
US  pictures  which  tell  their  own  story,  rerealed  nothing  to  those  who  had  already  decided 
that  they  had  no  meaning^** 

QmcsTioirs.— How  may  the  composition  of  water  be  determined  by  the  use  of  the  en- 
diometer?  What  opinions  were  formerly  entertained  respecling  the  nature  of  water? 
What  doetrine  napeeAng  water  was  advanced  by  Yon  Helmont  t  Upon  what  did  he  bsaa 
bis  ooDdnsions  f   What  facts  were  ascertained  by  Sir  Isaac  Newton  t 
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fiitore  cx>mbQstion  of  the  diamond,  and  it  is  inferred  that  he  anticipated,  in 
a  like  manner,  the  combustibility  of  one  of  the  elements  of  water. 

Three  quarters  of  a  century  after  this,  Lavoisier  devised  and  carried  out 
an  experiment  which  is  regarded  as  the  commencement  of  the  modem  sys- 
tem c^ chemistry.  He  doubted  the  conclusions  of  Yon  Helmont,  "and  he 
asked  nature  if  water  could  or  could  not  be  turned  into  stone,  and  asked  in 
such  a  way  that  she  granted  an  intelligible  and  unmistakable  answer.  Ho 
took  an  aUembic,  which  may  be  described  as  an  air-tight  stiller  retort,  in  which 
the  condensed  steam  or  distilled  liquor  always  flows  back  into  the  boiler- 
weighed  it — ^put  an  ascertained  quantity  of  water  in  it — ^made  it  air*tight-^ 
and  set  the  water  boiling ;  the  steam  or  distilled  liquor  rising,  became  con* 
densed,  and  continually  trickled  Jsack  through  the  tubular  arms  of  the  alem* 
bio  into  the  original  vessel  This  arrangement  was  kept  boiling  for  one 
hundred  and  one  days  and  nights.  At  the  end  of  that  period,  the  wholo  ap- 
paratus had  lost  no  weight;  the  'alembic,  however,  had  lost  17  grains,  but 
the  water  had  gained  weight,  and  was  muddy  with  earthy  particles.  When 
this  mud(Ued  water  was  evaporated  to  dryness,  there  remained  20  grains  of 
earth,  17  of  which  had  clearly  been  worn  out  of  the  substance  of  the  vessel ; 
but  where  had  the  other  3  come  flrom?  Lavoisier  at  first  assigned  them  to 
the  incidental  errors  of  the  experiment,  but  it  was  afterward  shown  that  they 
were  derived  from  the  water  itself-— from  the  saline  and  organic  matter 
which  it  hpld  in  solution.  Tlius  the  earth,  which  Yon  Helmont  traced  to 
the  transformation  of  water,  was  discovered  to  have  come  fit>m  the  earthy 
vess^  in  which  the  water  had  been  continuously  boiled.  Scheele,  an  eminent 
Swedish  chemist,  followed  up  the  experiment,  by  analyzmg  the  earth  pro- 
duced, and  proved  it  to  be  the  same  as  the  material  of  the  apparatus. 

**  The  notable  circumstance  in  this  experiment  \b  the  use  of  the  balance. 
Until  this  weighing  of  the  alembic  the  balance  had  not  been  used  in  chem? 
istry  as  an  implement  of  research.  Quality  and  not  quantity  was  only  re- 
garded. But  when  Lavoisier  ordered  a  balance  with  a  view  to  its  employ- 
ment in  researcdi,  the  fate  of  old  theories  was  sealed.  The  very  thought  of 
the  balance  implied  the  perception,  by  him  that  thought  of  it,  of  the  central 
idea  of  all  positive  chemistry,  namely,  that  every  chemical  operation  ends  in 
an  equation ;  and  that  if  100  grains,  ounces,  or  pounds  of  any  substance 
whatsoever  are  burned,  distilled,  or  in  any  way  altered  by  a  chemical  process, 
then  100  pounds,  ounces,  or  grains  of  material  must  be  accounted  for  after  the 
operation,,  for  nothing  is  ever  lost" — ^Brewster. 

A  few  years  after  this  experiment  of  Lavoisier,  oxygen  was  discovered, 
and  hydrogen  first  correctly  described  by  Cavendish.  Subsequently  the  com- 
position of  water  was  discovered  almost  simultaneously  by  James  Watt,  the 
inventor  of  the  steam-engine,  by  Cavendish,  and  by  Lavoisier;  the  first  two 
by  burning  hydrogen  in  oxygen,  and  the  last  by  decomposing  the  vapor  of 
water. 

QuaBnoKB.-~Wh»t  experiment  wa  inatttafced  by  Layolaier  t    What  wen  the  resolta  of 
this  axperiment  f  YThat  ma  the  mott  notioeable  dreamalance  attending  this  experiment  t 
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30t.  Properties. — The  phjrsical  properties  of  water  are  so  well 
known,  and  have  been  diecosBed  to  such  an  extent  in  the  precedmg  depart- 
ments of  this  work,  that  no  lengthened  description  is  necessary  in  the  present 
connection. 

In  its  ordinary  condition  as  a  liquid,  and  free  from  admixture,  water  is  col- 
orless, transparent,  inodorous,  and  tasteless;  it  boils  at  212^  F.,  freezes  at 
82^  F.,  and  evaporates  at  all  temperatures.  It  is  815  times  heavier  than 
an  equal  bulk  of  air. 

308.  Coloration  of  Water. — ^The  peculiar  colors  which  large  bodies 
of  water  assume  have  not  been  satisfactonlj  accounted  for.  The  color  of  the 
ocean  '*  on  soundings"  is  generally  of  a  greenish  hue ;  but  off  soundings  it  ap- 
pears blue.  It  is  maintained  by  some  authorities  that  the  blue  tint  of  the 
ocean  is  only  apparent,  and  is  owmg  to  a  reflection  of  the  most  refran^le 
of  the  rays  of  solar  light  (the  blue)  in  greater  proportion  than  those  which  are 
less  sa  Sir  Humphrey  Davy  attributed  the  blue  color  of  the  ocean  to  an 
admixture  of  iodine,  and  others  have  referred  the  very  remarkable  bright  blue 
color  of  the  Mediterranean  to  the  presence  of  salts  of  copper ;  but  although 
iodine  exists  in  combination  in  all  sea-water,  and  copper  has  been  found  in 
the  waters  of  the  Mediterranean,  the  quantities  present  do  not  appear  to  be 
sufficient  to  produce  any  perceptible  coloration.  The  coloring  matter  of  the 
Red  Sea,  which  at  particular  seasons  of  the  year  is  sufficiently  intense  to 
justify  the  appellation  bestowed  upon  this  body  of  water,  has  been  proved  to 
be  owing  to  the  presence  of  a  prodigious  quantity  of  microscopic  plants. 

309.  Transparency  of  the  Sea . — ^The  transparency  of  the  sea 
varies  with  the  temperature.  The  maximum  of  visibility  under  water,  under 
the  most  &vorable  circumstances  does  not  exceed  26  fathoms,  or  150  feet 

810.  Purity  of  Water. — In  nature,  water  is  never  found 
perfectly  pure. 

Rain-water  collected  in  the  country  after  a  long  continuance  of  wet  weather 
is  tbcpurest  natural  water,  but  even  this  always  contains  atmospheric  air, 
and  the  gases  floating  about  in  it,  to  the  extent  of  about  2^  cubic  inches  of 
air  in  100  of  water.  Afl^r  rain-water,  in  the  order  of  purity,  comes  river- 
water  ;  next  the  water  of  lakes  and  ponds ;.  next  ordinary  spring  waters ;  and 
then  the  waters  of  mineral  springs.  Succeeding  these  are  the  waters  of  great 
arms  of  the  ocean  into  which  large  rivers  discharge  their  volumes,  as  the 
Black  Sea,  the  water  of  which  is  only  brackish ;  then  the  waters  of  the  main 
ocean ;  then  those  of  the  Mediterranean  and  other  inland  seas ;  and  last  of 
all,  the  waters  of  those  lakes  which  have  no  outlets,  as  the  Dead  Sea,  Cas- 
pian, Great  Salt  Lake  of  Utah,  etc. 

311.  Spring   Waters . — Spring  water,  although  it  may  be  peifecUj 

QuBtnoNB. — What  are  the  physical  piopertieB  of  water  t  How  much  heayier  than  air 
ia  water?  To  what  has  the  coloration  of  bodies  of  water  been  ascribed  i  What  Is  ssid 
of  the  transparency  of  the  ooean  ?  Is  water  found  pare  In  nature  f  What  is  the  purest 
natural  water  ?  What  is  the  relatlre  purity  of  different  wmten  ?  What  is  said  of  ^ring- 
waters  f 
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transparent,  always  contains  more  or  less  of  mineral  matter  dissolved  in  it 
The  nature  of  these  substanoes  will  of  coarse  varj  with  the  character  of  the 
soil  through  which  the  water  percolates.  The  most  usual  impurities  are  car- 
bonate of  lime,  common  salt,  sulphate  of  lime  (gypeum),  sulphate  and  carbon- 
ate  of  magnesia^  and  compounds  of  iron.  Most  spring  waters  also  contain  a 
proportion  of  carbonic  acid  gas. 

312.  Mineral  Sprin g 8.— When  the  waters  of  springs  retain  in  so- 
lution 80  large  a  propcHtion  of  mineral  matter  as  to  give  them  a  decided  taste, 
they  are  termed  mineral  waters,  and  are  usually  reputed  to  have  some  medi« 
dual  quality,  viuying  with  the  nature  of  the  substance  in  solution. 

TTaters  which  contain  iron  in  quantity  sufficient  to  impart  to  them  an  inky 
taste  are  termed  cha-lyb'e<Ue;  the  iron  exists  in  the  water  most  frequently 
in  the  state  of  carbonate,  dissolved  in  carbonic  acid,  and  rarely  in  a  propor- 
tion exceeding  one  grain  in  a  pound  of  water. 

TTaters  impregnated  with  sulphuretted  hydrogen  gas  are  termed  stdphurous, 
or  sulphuretted;  they  may  be  readily  recognized  by  their  nauseous  taste  and 
odor.  Remarkable  springs  of  this  character  exist  at  Sharon,  New  York,  and 
also  inTlrginia. 

313.  Saline  Springs . — Springs  whose  waters  contain  a  large  pro- 
portion of  earthy  or  alkaline  salts,  are  called  sctUne,  although  this  term  is  gon^ 
&aSly  applied  to  particularly  desi^ate  springs  containing  common  salt 

In  some  springs  carbonic  acid  is  very  abundant,  and  imparts  to  the  water 
an  effervescent,  sparkling  character,  like  that  noticed  in  the  "  Seltzer"  and 
''  Saratoga"  waters. 

314.  Thermal  Springs. — ^Many  mineral  springs  arc  of  a  temperature 
considerably  higher  than  that  of  the  surface  of  the  earth  where  they  make 
their  appearance,  and  not  unfrequently  discharge  boiling  water.  The  major- 
ity of  hot  springs  occur  either  in  the  vicinity  of  volcanoes,  or  they  rise  from 
great  depths  in  rocks  of  the  oldest  geological  periods.  With  few  exceptions, 
they  discharge  at  all  times  the  same  quantity  of  water,  and  their  temperature 
and  chemical  constituents  remain  constant  There  is  evidence  to  show  that 
the  temperature  of  some  hot  springs  has  not  diminished  for  upward  of  a  thou* 
sand  years; 

315.  River-wateris  less  fitted  for  drinking  purposes  than  spring- 
water,  althoi:^h  it  often  contains  a  smaller  amount  of  dissolved  salts.  But 
river-water  usually  holds  in  solution  or  suspension  large  quantities  of  or- 
ganic matter  of  vegetable  origin,  derived  from  the  surface  of  the  country 
drained  by  the  stream.  If  the  sewerage  of  lai^  towns  situated  on  its  banks 
be  allowed  to  pass  into  the  stream,  it  is  of  course  less  fit  for  domestic  pur- 


Water,  however,  which  is  contaminated  with  animal  and  vegetable  matter, 

Qnxsnoxs. — ^When  are  waten  termed  mineral  f  What  are  chalybeate  vaters  f  What 
are  sulpharouB,  or  sulphuretted  waters?  How  may  they  be  recognized?  What  are 
■aline  springs  ?  What  gives  to  Saratoga  and  Seltzer  waters  their  sparkle?  What  are 
thermal  springs?-  In  what  localities  are  they  generally  found  f  What  is  said  of  rirer- 
water  ?    Caa  water  purify  itself? 
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is  endowed  with  a  eelf-pbrifying  power  of  the  utmost  importance.  Tbeacticm 
of  the  oxygen  of  the  air  geaerates  a  species  of  fermentatioD,  whereby  the  or- 
ganic mattera  Oontained  in  the  water  beoome  oxydated,  deprived  of  botii  color 
and  odor,  and  precipitated  in  part  as  sediment  The  water  of  the  river  Thames, 
contaminated  with  the  sewerage  of  London,  is  a  remarkable  fflustration  of 
this  &ct  Taken  on  board  ships,  it  is  at  first  naoseoas,  bnt  after  sbinding  in 
casks  for  a  few  dnys^  it  becomes  sweet  and  wh<deeome. 

316.  8ea*water9  .—The  most  abundant  substance  in  sea-water  is  com- 
mon salt;  next  the  chloride  of  magnesium  and  the  sulphate  of  mi^esia, 
which  compounds  give  to  the  water  its  saline,  bitter  taste ;  then  salts  of  cal- 
cium, potassium,  witti  traces  of  iron,  iodine,  bromine,  fluorine,  silver,  and  some 
other  of  the  metals.  The  specifio  gravity  of  sea-water  varies  slightly  in  dif- 
ferent locattons.  The  waters  of  the  Baltic  and  of  the  Black  Sea  are  less 
salt  than  the  average^  while  those  of  the  Mediterranean  and  some  pcxtioos 
of  the  Gulf  of  Mexico^  are  more  so.  The  whole  amount  of  mineral  constitu- 
ents in  the  waters  of  the  main  ocean  ranges  from  3^  to  4  per  cent 

The  soluble  earthy  matters  washed  from  the  land  by  nUns  into  the  rlven^ 
and  by  them  carried  into  the  ocean,  remain  there,  since  pure  water  alone 
evaporates  from  the  surfiioe  of  the  ocean.  The'  quantity  of  saline  matter, 
therefore,  in  the  ocean  is  continually  accumulating.  It  is  an  error  to  attrib- 
ute the  saltness  of  the  sea  to  the  presence  ^  vast  beds  of  mineral  salt;  but 
the  sea  undoubtedly  owes  all  its  salts  to  wcuihinga  from,  Ihe  Umd.  The 
streams  that  have  flowed  into  it  for  ages  have  been  constantly  adding  to 
the  quantity,  until  it  has  acquired  its  present  briny  and  bitter  condition. 
The  evidence  on  this  point  is  most  oonciuBive ;  the  saline  condition  of  sea- 
water  is  but  an  exaggeration  of  that  of  all  ordinary  lakes,  rivers,  and  springs. 
These  all  contain  more  or  less  of  the  mineral  constituents  of  sea-water,  but 
as  their  waters  are  continually  changing  and  flowing  into  the  aea,  the  salts 
in  them  do  not  accumulate. 

Again,  every  lake  into  which  rivers  flow,  and  from  which  there  is  no  out- 
let except  by  evaporation,  is  a  salt  lake ;  and  it  is  extremely  curious  to  ob- 
serve that  this  condition  disappears  when  an  artificial  outlet  is  provided. 
Examples  of  such  lakes  are  the  Dead  Sea,  the  Caspian,  the  Sea  of  Aral, 
and  the  Great  Salt  Lake  of  Utah,  the  saltness  of  all  of  which  greatly  ex- 
ceeds that  of  the  ocean.  Thus  the  waters  of.  the  ocean  contain  firom  2  to 
3,000  grains  of  saline  matter  in  the  gallon  (70,000  grains) ;  those  of  the  Dead 
Sea,  in  some  places,  11,000  grains,  and  those  of  the  Salt  Lake  of  Utah 
22,000  grains,  or  nearly  one  third  of  their  whole  weight  Li  some  instances^ 
even  this  last  proportion  is  exceeded. 

317.  Relative  Fitness  of  Waters  for  Use.—Any  water 
which  cont^ns  less  than  15  grains  of  ordinary  mineral  matter  in  a  gallon  is 
considered  as  comparatively  pure,  and  may  be  employed  for  all  domestio 


QuiSTiOKB. — ^What  is  an  flluatration  of  this  fact  ?  Whai.are  the  mineral  oonotitaeiitv 
of  sea-water  ?  Why  is  the  aea  salt  f  What  proof  la  there  respecting  the  oriigiin  of  sail 
in  the  ocean  ?    What  is  said  of  the  relative  fitness  of  waters  for  use  f 
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pnrpoBes^  provided  it  does  not  contain  too  large  a  proportion  of  organic 
matter.  Water,  oS  which  a  gallon  contains  60  grains  of  ordmary  mineral 
matters^  may  be  still  good  for  drinking,  but  it  is  not  fit  for  cooking  yege- 
tables  or  washing  linen  when  it  contains  8  grains  to  the  gallon  of  either 
lime  or  magneaa.  Waters  which  contain  6  grains  of  organic  matter  to  the 
gallon  are  not  fit  for  any  domestic  use ;  if  this  limit  is  exceeded,  they  act 
disastrously  upon  the  animal  economy,  and  may  occasion  dysentery  and  ya- 
rious  other  maladies.  The  presence  of  magnesia  in  considerable  quantity  in 
drinkable  waters  is  undoubtedly  injurious ;  the  use  of  such  waters  in  Swit- 
zerland is  supposed  to  give  rise  to  the  fi-ightful  diseases  known  as  *'  goitre" 
and  **  cretinism."*  The  disagreeable,  earthy  taste  of  certain  well-waters,*  in 
most  cases,  arises  fix>m  the  presence  of  alumina,  held  in  solution  by  carbonic 
acid. 

One  of  the  purest  natural  waters  ever  examined  is  that  of  the  river  Loka, 
m  the  north  of  Sweden,  whidi  flows  mainly  oyer'granitic  rocks,  upon  which 
water  produces  little  impression.  It  contains  only  l-20th  of  a  grain  (0*0566) 
of  solid  mineral  matter  per  gallon.  Such  instances,  however,  are  yery  rare; 
but  water  containing  as  little  as  4  or  6  grains  of  solid  matter  to  the  gallon  are 
not  unfrequent  The  quantity  of  organic  matter  in  water  is  always  greatest 
in  summer,  and  disappears  for  the  most  part  when  the  temperature  of  the 
water  sinks  to  the  freezing-point  Water,  by  filtration  through  finely  pow- 
dered charcoal,  may  be  almost  entirely  deprived  of  organic  impurities. 
-  318.  Hard  and  Soft  Waters. — ^Water  is  familiarly  spoken  of  as 
Tiard  or  aoft^  according  to  its  action  on  soap.  Those  waters  which  contain 
compounds  of  lime  or  magnesia  occasion  a  curdling  of  the  soap,  as  these  earths 
produce  with  the  fat  of  the  soap  a  substance  which  is  not  soluble  in  water. 
Soft  waters  do  not  conteun  these  earths,  and  dissolve  the  soap  without  diffi- 
culty. Many  hard  waters  become  softer  by  boiling,  in  which  case  the  carbonic 
acid  gas  which  holds  the  lime  and  magnesia  for  the  most  part  in  solution,  is 
expelled  by  heat,  and  the  mineral  substances  are  deposited  upon  the  interior 
of  the  boiler,  causing  a  "/"'*»"  "scale,"  or  incrustation. 

Soft  water,  or  that  which  is  free  from  dissolved  mineral 
matter,  possesses  a  greater  solvent  power  than  hard  water ; 
therefore  it  is  most  suitable  for  washing  and  for  the  prep- 
aration of  solutions.  In  culinery  operations,  where  the 
object  is  mainly  to  soften  the  texture  of  animal  or  veget- 
able substances,  or  to  extract  from  them  and  present  in  a 


*  Goitre  is  a  Bwelliog  of  the  ^ands  of  the  neck,  and  eretiuism  is  a  variety  of  Idiotey. 

QimTiovB. — Hov  much  organic  matter  in  waller  will  render  it  nnsaitable  for  use  ? 
What  effect  is  magnesia  supposed  to  have  in  water?  What  in  general  is  tlie  cause  of  the 
earthy  taste  of  certain  waters?  How  does  the  organic  matter  contained  in  waters  yaTy? 
When  are  waters  said  to  be  hard,  or  soft?  What  occasions  the  incrustation,  or  scale, 
upon  the  interior  of  boilers  ?  What  is  said  of  the  solyent  action  of  hard  and  soft  waters  f 
What  of  their  respective  application  for  culinary  operations? 
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liquid  form  some  valuable  constituent,  as  in  the  prepara- 
tion of  soups,  tea,  coffee,  etc.,  soft  water  is  the  best.  In 
other  instances,  in  which  it  is  desired  to  cook  a  substance, 
and  not  to  dissolve  it  or  extract  its  juice,  hard  water  is 
preferable.  To  prevent  the  over-dissolving  action  of  soft 
water  in  cooking,  salt  is  frequently  added,  which  hardens 
it.* 

319.  Much  speculation  has  been  occasioned  by  the  circumstance  that  fresh 
water  can  generaUj  be  obtained  by  excavating  for  a  few  feet  or  inches  <m  low 
sandy  beacheSi  or  islands  in  close  proximity  to  the  sea^  and  also  by  the  oc- 
currence, on  many  of  the  low  coral  islands  of  the  Pacific,  of  fresh  water  springs 
which  ebb  with  the  tide.  The  explanation  of  these  &cts  seems  to  be,  that 
the  fresh  waters  are  derived  fix>m  rams,  and  being  lighter  than  the  salt  water 
of  the  ocean,  remain  suspended  in  the  sands,  resting  upon  the  denser  water 
beneath.  They  consequently  rise  and  fall  with  the  motion  of  the  tides.  It  is 
also  true  that  the  water  of  the  ocean,  by  filtration  through  sand,  is  deprived 
in  part  of  its  saline  constituents. 

320.  All  ordinary  water  contains  in  solution  air,  and  generally  a  portion  of 
carbonic  add  ga&  The  quantity  of  these  gases  absorbed  by  water  varies 
with  its  temperature,  and  also  with  the  pressure  of  the  atmosphere— cold 
water  dissolving  and  retaining  a  larger  quantity  than  warm  or  tepid  water. 
When  cold  waters  from  springs  or  fountains  are  exposed  to  warm  air,  they 
become  elevated  in  temperature,  and  the  gases  contained  in  them  escape^  ren- 
dering the  water  flat  and  insipid.  The  principal  agent  in  imparting  a  sparkle 
and  fVeshness  to  water  is  atmospheric  air,  and  not  carbonic  acid  gaa^  as  is 
often  supposed  and  taught 

Air  and  other  gases  existing  in  water  may  be  expelled  from  it  by  rai^ng 
the  water  to  a  boiling  temperature,  or  by  removing  the  pressure  of  the 
atmosphere.  The  presence  of  air  in  water  may  be  beautifully  illustrated 
by  placing  a  vessel  of  spring-water  beneath  the  receiver  of  an  air-pump 


*  "  Theie  faeta  ezpUIn  whj  it  is  imposriUe  to  eorreet  and  restore  the  flavor  In  Timet- 
ables that  have  been  boiled  in  soft  vater  by  afterward  salting  them.  It  is  also  well 
known  that  peas  and  beans  do  not  boQ  soft  in  hard  water.  This  is  owing  to  the  effect 
which  lime  exerts  in  hardening  or  ooi^n>hiting  a  peculiar  substance  (**  casein'*),  which 
aboands  In  these  seedb  Onions  ftimish  a  good  example  of  the  influence  of  quality  ia 
water.  If  boiled  in  pare  soft  water,  thej  are  almost  entirely  destitute  of  taste ;  though 
when  cooked  in  salted  water,  they  possess,  in  addition  to  the  pleasant  saline  taste,  a  pc* 
enliar  sweetness  and  a  strong  aroma ;  and  they  also  contain  more  soluble  matter  than 
when  cooked  in  pure  water.  The -salt  hinders  the  solution  and  evaporation  of  the  soluble 
and  flavoring  principles.** — YaumarCi  Household  Science, 


QniSTiOKS. — ^How  is  the  presence  of  fresh  water  in  dose  proximity  to  the  sea  aeooonted 
for?  What  is  said  of  the  presence  of  air  in  water?  Why  are  waterii  which  have  been 
heated  flat  and  insipid  ?  How  may  air  and  the  gases  contained  in  water  be  expelled  from 
it  ?    How  may  the  presence  of  air  in  water  be  demonstrated  ? 
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(f^g.  lOG),  and  gradually  exhausting  the  air.    As  the  ezhaos-      FiG.  105. 
tioa  pmceeiB,  the  dissolved  air  eac^Ka  so  rapidly  aa  lo  oo- 
ca^oD  the  appeanmoe  of  ^ullitioa. 

Fishes  and  other  marine  animala  are  d^iendoot  upon  the  ai 
-which  water  contains  for  their  respiratiou  and  existence.  I 
we  place  a  flsh  in  water  whidi  haa  been  entirely  deprived  of 
air,  it  is  ahnoat  immediately  aoObcaled.  This  bet  can,  if 
destred,  be  demonstrated  with  the  aid  of  an  air-pump.  The  f 
■qnautitr  of  ab  retained  by  water,  at  an  altitude  of  6,000  or 
8,000  feet,  owing  to  a  reduced  atmoepheric  pressure,  ia  two-thirds  less  than 
the  usual  proportion.  Hence  it  is  that  fishes  can  not  live  in  high  mountain 
lakes — the  amount  of  air  contiuned  in  the  waters  being  inadequate  tor  their 
te3[ur»tion. 

A  remarkable  evidence  of  dengn  on  the  part  of  Providence  in  supplying  the 
wants  of  marine  animals,  which  extract  the  oxygen  they  reiiuiie  for  the  sup- 
port of  lile  &om  tlie  water  in  which  they  lire,  would  ^>pear  to  be  &und  in  the 
circumstance  that  water  abaolbs  oxygen  and  nitrogen — the  oonatituenta  of  air 
— in  proportions  diObrent  from  those  existing  in  the  atmosphere.  Thus,  ordiDary 
ait  contains  about  21  per  cent,  of  oxygen,  but  air  wliich  exists  in  water  coa- 
taina  from  30  to  33  per  cent  llarine  animal^  therefore,  can  obtain  more 
easUj  the  necessary  supply  of  oxygen  from  air  which  contains  one-third  of 
thia  gaa,  than  from  ur  contuning  but  ooe-Sfth. 

It  haa  also  been  recently  diaoovered  by  Dr.  Ilayea,  that  the  water  of  the 
ocean  contains  more  oxygen  near  its  sur&ce  than  at  a  deptli  of  one  or  two 
hundred  feet.  This  [act  haa  probably  some  connection  will)  the  comparative 
Bcarmty  of  animal  life  at  great  depths. 

When  water  Is  in  contact  with  an  atmosphere  of  mixed  gase^  it  disaolvos 
of  each  a  quantitj  precisely  equal  to  tlut  which  it  would  have  dissolved  If  in 
contact  with  an  atmosphere  of  this  gas  alone. 

Absolutely  pure  water  can  only  be  obt^ned  by  repeated  dIstillatioDS  in 
dean  vessels  of  hard  glass. 

321.  SolTcat  Propertifi  ef  Wtlcr.— The  solvent  prop- 
erties of  water  £)r  exceed  those  of  8Dy  known  liquid. 

Host  bodies  are  more  soluble  id  hot  than  in  ooid  water,  the  scJutnli^  in- 
■teasing  with  the  tempeiUure.  Among  the  f^w  exceptions  to  this  rule  may 
be  mentionod  oommon  salt,  the  loliibUity  of  which  is  nearly  the  same  at  all 
temperatures^  and  Kme,  which  is  more  soluble  in  cold  than  in  hot  water. 

322.  GhtBltil  Froperlifi  of  VBler— Water  is  the 
perfection  of  a  neutral  substance,  and  enters  into  comhi- 


Ih*  Hlvait  Htian  of  ti 
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nation  most  extensively  with  acids,  bases,  with  a  lai^e 
proportion  of  the  salts,  and,  in  short,  with  most  bodies 
which  contain  oxygen . 

A  compound  of  water,  in  definite  proportions  with  some 
other  substance,  is  termed  a  hydrate  ;  and  a  body  entirely 
free  from  water  in  combination  is  said  to  be  anhydrous. 

When  a  salt  simplj  dissolves  in  water,  the  act  of  solution  is  unifonnlj-  at-« 
tended  with  the  production  of  cold ;  but  when  water*  chemically  combines 
with  a  salt,  or  forms  a  definite  hydrate,  the  formation  is  always  attended  wltU 
heat;  this  circumstance  indicates  an  essential  difference  between  solution  in 
water  and  chemical  combination  with  water. 

"Slacked  lime"  is  a  &miliar  example  of  a  hydraie.    When  water  is  added 
to  quick  lime,  it  rapidly  (tombincs  with  it,  producing  great  heat,  and  a  chen^ 
ical  compound  results,  which  is  a  "  hydrate  of  lime."    When  water  unites 
with  potash  and  soda  under  the  same  circimistances  the  chemical  anion  be- 
tween the  two  substances  is  so  strong,  that  no  amount  of  heat  alone  is  sufficient 
to  separate  them.     So  also  when  an  acid  has  once  been  allowed  to  combine 
with  water  the  entire  separation  of  the  two  is  seldom  practicable,  unless  some 
base,  for  which  the  acid  has  a  greater  affinity  than  for  water,  be  presented ; 
in  such  a  case  the  base  displaces  the  water,  and  its  expulsion  by  heat  is  then 
easily  effected.     For  example,  suppose  that  sulphuric  acid  has  been  freely 
diluted  with  water:  upon  the  application  of  heat,  the  water  at  first  passes 
off  readily,  leaving  the  less  volatile  acid  behind.    By  deg^rees,  however,  it 
becomes  necessary  to  increase  the  temperature  in  order  to  continue  the  dis- 
tillation of  the  water,  and  at  last  the  add  begins  to  evaporate  also,  and  finally 
no  further  separation  can  be  effected,  as  when  the  temperature  rises  to  about 
G20^  F.,  both  water  and  acid  distil  over  together.    It  is  found  on  axialyzhig 
the  liquid  when,  it^  has  reached  this  point,  that  the  liquid  contains  one  equiv* 
alent  of  acid  and  one  of  water,  its  composition  being  represented  by  the  sym- 
bols SOs,  HO.    If  to  this  concentrated  add  an  equivalent  of  potash  be  added, 
the  water  is  easily  expelled,  and  an  equivalent  of  anhydrous  sulphate  of 
potash  (KG,  SOj)  remains.    Water,  when  it  thus  supplies  the  place  of  a  base 
in  combination  with  acids,  is  called  basic  water. 

323.  Peroxyd,  or  Binoiyd  of  Hydrogen,  sometimes 
called  oxygenated  water,  was  discovered  by  Tbenard,  iu 
1818.  It  contains  twice  as  much  oxygen  as  water,  and  is 
a  body  characterized  by  most  remarkable  properties. 

*  For  explanation  of  water,  of  crystallization,  deUqaeaeenoe,  effloreaoenee,  ete.,  aea  §$ 
6i,  66,  66,  67,  pp.  48,  40. 

Questions.— What  is  a  hydrate?  When  is  a  body  said  to  be  anhydrous?  What  &cl 
illnstrates  the  difference  between  a  solution  in,  and  a  combination  with,  water?  What 
are illnstrations  of  water  in  combination?  When  is  water  said  to  be  basic?  Wh«t  la 
said  of  the  second  oxyd  of  hydrogen? 
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It  is  formed  by  deoomposmg  peroxyd  of  barium  by  sulphuric  or  hydroflu- 
oric adds.    Tha  process,  however,  is  most  difficult  and  complicated. 

Peroxyd  of  Hydrogen  is  a  syrupy  liquid,  of  specific  gravity  1*45,  transparent, 
colorless,  and  almost  inodorous,  but  possessed  of  a  most  nauseous  and  astrin- 
gent taste.  Although  it  differs  from  water  only  in  containing  an  additional 
equivalent  of  oxygen,  it  is  a  powerful  bleaching  agent;  and  when  applied  to 
the  skin  for  any  length  of  time,  whitens  and  destroys  its  texture.  It  can  be 
preserved  only  at  a  temperature  below  59°  P.  Heat  rapidly  decomposes  it 
into  water  and  oxygen  gas,  and  at  a  temperature  of  212°  F.,  the  evolution 
of  gas  is  so  rapid  as  to  occasion*  an  explosion.  The  mere  contact  of  carbon, 
and  of  many  of  the  metals  and  metallic  oxyds  also  occasions  its  instantaneous 
decomposition,  accompanied  by  an  explosion  and  evolution  of  light. 

The  known  properties  of  this  substance  render  it  highly  probable  that  it 
would  prove  most  valuable  in  its  application  to  art — as  a  bleaching  and  oxyd- 
izing  agent  The  expense  and  difficulty  attending  its  preparation  have,  how- 
ever, thus  &r  prevented  its  employment  for  any  practical  purpose. 

SECTION    IT. 

NITBOOEK,     OR    AZOTE. 

HquivalerU  14.     Symbol  K.     Density  0*971. 

324.  History. — Nitrogen  was  first  recognized  as  a  dis- 
tinct element  by  Dr.  Kutherford,  of  England,  in  1772. 

*  Its  name  is  derived  from  the  Greek  vtr/x>v,  niterj  and  yewao,  I  form  (the 
generator  of  niter).  Lavoisier,  from  its  inability  to  support  life,  termed  it 
Azote  (fix>m  a  privative,  and  C^;/,  life). 

325.  Natural  III  story.— Nitrogen  is  one  of  the  most 
abundant  of  the  elements. 

As  a  constituent  of  the  inorganic  kingdom  of  nature,  we  find  it  in  the  at- 
mosphere^ of  which  it  constitutes  four-fifths;  in  ammonia;  in  bituminous  ooal; 
in  the  well-known  salts,  nitrate  of  potash  and  nitrate  of  soda  (niter,  saltpeter), 
and  in  many  other  mineral  compounds.  In  the  organic  kingdom,  nitrogen 
especially  characterizes  animal,  in  contradistinction  to  vegetable  products ; 
nevertheless  it  is  found  in  the  latter,  but  in  small  quantities.  One-fifth  of  the 
weight  of  the  dried  flesh  of  animals  is  nitrogen.  The  plants  which  contain  it 
in  greatest  quantity  belong  to  the  orders  crudferee  (turnips,  cabbages,  horse- 
radish, mustard),  and  fungacees  (mushrooms,  etc.).  Inasmuch  as  animals  con- 
tain so  much  nitrogen,  and  vegetables  so  little,  Berzelius  imagined  that  nitro- 
gen was  generated  in  some  unknown  way  by  the  animal  functlona  This 
idea,  however,  has  been  opposed  by  Liebig,  who,  with  the  majority  of  chemists, 
believes  that  the  nitrogen  existing  in  plants,  upon  which  all  animals  directly 

QDxsnnoKB. — "Kow  is  It  formed  f  What  are  its  projierties  f  Has  the  peroxyd  of  hydro- 
gen  been  applied  to  any  practical  nie  ?  What  is  the  history  of  nitrogen  7  What  is  said 
of  its  distribatioa  la  nature  ?    What  plants  contain  it  in  greatest  abondanoe  f 
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or  indirectly  Teed,  ii  inffideot  to  accoimt  fbr  the  lai;ge  qoantitica  of  that  element 
todied  up  in  the  tissuM  of  ^^limaK  It  is  ;et,  however,  one  of  the  great 
muettled  qneatioiii  in  chemistir,  aod  also  in  agricultnre,  whence  plants  derira 
tbrar  nitrogm ;— whetho-  from  the  soil  (ftom  nunnrea  and  decit;iiig  organio 
uatterX  or  ftom  the  air  direct!]',  or  from  the  ammonia  oontained  in  the  ^. 

326.  Prepirvtiofl. — The  usual  methods  of  obtainiog  a 
supply  of  nitrogea  for  the  purpose  of  experiment  are  based 
upon  tbe  removal  of  oxygen  trom  atmospheric  air — leaving 
the  nitrogea  isolated  or  alone. 

The  Amplest  plan  conrigU  in  placing  a  few  ftajmenta  of  pho^honu  in  a 
littlo  motoUic  or  porceltun  cop,  which  is  fiooted  upon  the  nuftce  of  tlie  water 
Fio  lOS.  "'''  pneumaUo  trong^    The  pboBphoroB  ia  ignited,  and 

«  glan  jar  or  receiver,  BDed  with  air,  is  then  faveited 
over  it,  with  its  lip  in  the  water.    (See  Fig.  106.)    Tbe 
phoBphorus  bnnia  at  the  expense  of  the  oxygen  in  tbe 
oonflned  air,  and  by  reason  of  ita  great  affinity  Vat  oxy- 
gen, it  combinea  with  erer^  portion  of  tliia  element  con- 
tained in  the  receiver,  leavii^  the  nitrogen  compata- 
*  tively  porei    As  the  combustiai  proceeds,  the  water  of 
the  pneumatic  trough  gradually  rises  in  tbe  Jar  to  supply 
tbe  place  ofthe  consumed  oxygen.   Tbe  product  of  tbe  union  of  the  pboepbctfua 
and  tbe  oxygen  is  phosphonc  Sicid,  wbicb  at  Bist  pervadea  the  recover  as  a 
dense  whito  vapor,  but  after  a  Uttle  time  is  abaorbed  by  tbe  water. 

Alcohol,  ignited  in  a  little  cup,  may  be  BubaCitnted  in  the  place  of  pbos- 
phorua  in  thia  experiment,  but  it  does  not  nmsuoio  the  oxygen  eotirelj,  and 
produces  also  a  certain  quantity  of  carbonic  add. 

The  removal  of  oxygen  &om  the  tit  may  also  be  effected  more  slow^  in 
various  ways.  A-  stick  of  pbosphoniB  introduced  into  a  jnr  irf  air  atanding 
over  water,  will  slowly  absorb  tiio  oxygen,  and  in  two  or  three  days  about 
Ibor  Sfths  ofthe  original  bulk  of  tbe  air,  consisting  of  nitrogen  neuly  pore, 
will  be  loft.  Uolstened  iron  filings  produce  a  Biniilar  result,  tbe  metal  gm- 
doally  becoming  oxydiied,  ss  is  seen  by  tbe  rusty  qtpearanco  which  it  as- 

Nitn^n  may  also  be  obtained  by  condncting  chlorine  gas  into  a  aohitkia 
of  ammonia;*  by  exposing  muscle  (fleab)  to  the  action  of  nitric  acid  in  a  re- 
tort to  which  heat  ia  applied ;  and  in  a  atate  <^  great  purity  by  paasing  a  cur- 
rent of  air  through  a  tube  containing  copper  turnings  heated  to  redness;  the 
oxygen  in  thia  experiment  beii^  entirely  abecotied  by  the  ccftper  to  tbtm 
oxyd  of  copper,  while  the  nitn^en  passes  ntL 

327.  Preper  t  les. — Nitrogen  is  a  colorless,  tasteless,  andodotiess  ga^ 


I  iiparlBHiit  Is  B  wnHwIul  dugenwi  one.    (See  ebloiil«  <rf  BltngcnJ 

».— Ii  It  known  tn  vhit  mamn  iibnta  oMila  thdr  DitrogHi  r    Hcnr  ta  altra- 

napbtaliHdt  KnifiifarfWpiiina  of  tbemitliadKnipIoTadr  Wlut  ua  Ihs phydial piap. 
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which  as  yet  has  resisted  every  effort  to  liqaefy  it  It  is  somewhat  lighter 
than  atmospheric  air,  having  a  specific  gravity  of  0*971  (air  »-  1*00). 

One  of  the  most  distinguishing  characteristics  of  nitrogen  is  its  inertness,  or 
"sluggishness;"  it  being,  so  far  as  chemical  properties  are  concerned,  in  strik- 
ing contrast  with  oxygen,  which  is  one  of  the  most  energetic  of  the  elements. 
It  is  neither  acid  or  alkaline,  and  neither  supports  combustion,  or  bums.  A 
burning  taper  is  instantly  extinguished  in  this  gas,  and  an  animal  immersed 
in  it  quickly  perishes ;  not  because  the  gas  is  injurious,  but  for  want  of  oxy- 
gen, which  is  required  for  both  respiration  cuid  combustion.  It,  however, 
enters  into  the  lungs  with  every  act  of  inspiration ;  is  a  constituent  of  our  moat 
nutritious  fix)d,  and  a  necessary  component  of  tho  animal  frame. 

Nitrogen  does  not  unite  directly  with  any  other  single  element;  but  its 
combination  with  the  various  elements  all  result  from  the  agency  "  of  indirect, 
oblique;  or  circuitous  processes,  which  conditions  being  accorded,  we  fre- 
quently have  whole  classes  of  substances  springing  into  existence ;  whereas, 
in  tiie  case  of  hydrogen,  the  combining  tendency  is  satisfied  with  the  forma- 
tion of  only  one  or  two  compounds.'' — ^Faradat. 

A  striking  illustration  of  the  non-combining  properties  of  nitrogen,  is  found 
in  the  &ct,  that  no  less  than  six. tons  of  air  pass  through  an  average-sized 
iron  blast-furnace  every  hour,  duzing  which  transit  the  oxygen  part  of  the  aii 
is  moat  active  in  forming  combinations,  while  the  nitrogen,  although  subjected 
to  precisely  similar  oonditiona  of  heat  and  contact,  emerges  as  it  entered,  un- 
combined. 

328.  Inst  Ability  of  ffitrogen  in  Composition*— Nitro- 
gen, of  all  ponderable  substances,  appears  to  have  the  greatest  affinity  for 
heat,  and  when  in  combination,  constantly  tends  to  unite  with  it,  and  resume 
its  elementary  condition  of  a  gas.  In  consequence  of  this,  and  also  by  reason 
of  its  slight  affinity  for  the  other  elements,  the  compounds  of  nitrogen  are  re- 
markably unstable.  Many  of  them  are  decomposed  with  e2;^me  suddenness 
by  the  slightest  causes — ^Uie  nitrogen  being  disengaged  in  the  gaseous  form, 
and  often  producing  most  violent  explosions.  Most  of  the  explosive  sub* 
stances  known  are  compounds  containing  nitrogen  as  an  essential  constitu* 
cut ;  as,  for  example,  gunpowder,  gun-cotton,  fulminating  mercury  (percussion^ 
cap  powder),  fulminating  silver,  etc. 

A  substance  known  as  the  iodide  of  nitrogen  strikingly  illustrates  by  its 
mode  o/prqKoration  the  peculiarly  indirect  processes  demanded  by  nitrogen 
for  calling  its  powers  of  combination  into  play,  and  by  its  character  when 
ibclned,  the  instability  of  the  same  element  when  forced  into  union  with  an- 
other body.  Iodide  of  nitrogen  is  a  simple  coippound  of  iodine  and  nitrogen. 
These  two  elements  when  mixed  together  directly  manifest  no  disposition  U 
unite,  and  may  be  preserved  in  contact  unchanged  for  an  indefinite  period. 
But  when  nitrogen  is  brought  in  contact  with  iodine  by  an  indirect  process, 


QuBsnoNB.— What  is  one  of  the  most-diatlngiiUihing  cbaraeterlstios  of  nitrogen  f  Ulna. 
tr»ie  ^i«««  What  is  said  of  the  combinations  of  idtrogen  ?  What  cdrcumstanoe  illustratea 
the  non-combining  properties  of  nitrogen  ?  What  peculiaritj  has  nitrogen  in  cdmpogltionrt 
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as  when  &  strong  solution  of  ammonia  is  mingled  in  a  glass  vessel  with  a  satu- 
rated solution  of  iodine  in  alcohol,  combination  almost  immediately  ensues, 
and  a  black  powder,  iodide  of  nitrogen,  is  formed.  This,  after  standing  for 
about  a  quarter  of  an  hour,  is  separated  fit)m  the  liquid  by  filtration,  washed 
in  the  jSlter  with  pure  water,  and  dried  by  exposure  to  the  air  in  a  cool 
situation.  As  thus  prepared,  it  is  one  of  the  most  explomve  substances 
known,  the  nitrogen  being  held  by  so  slight  an  excess  of  force,  that  the  merest 
friction  between  the  particles  of  the  compound  is  sufficient  to  shatter  it  into 
its  elements.  This  result  may  be  illustrated  by  a  variety  of  experiments.  A 
small  quantity  projected  upon  water  explodes  the  instant  it  strikes  its  sur&ce; 
the  same  result  attends  the  dropping  of  a  fragment  firom  a  slight  elevation 
upon  a  hard  surface,  or  by  placing  a  small  quantity  upon  one  end  of  a  counts 
and  striking  the  other  end  with  a  hammer.* 

Nitrogen,  in  some  mysterious  way,  appears  to  be  associated  with  all  the 
higher  forms  of  animal  existence.  The  blood,  the  musde,  the  brain,  the 
nerves  of  animals,  all  contain  it  in  large  quantity,  and  these  substances,  of 
all  Clonic  compounds,  are  the  ones  most  susceptible  of  decomposition. 

Organic  bodies  which  contain  a  large  amount  of  nitrogen,  generally  emit  a 
most  offensive  odor  when  they  decay.  -The  odor  occasioned  by  the  putre- 
faction of  a  dead  human  body,  which  is  rich  in  nitrogen,  is  one  of  the  most 
offensive  in  nature.  Plants  which  contain  this  element  in  conaderable  quan- 
tity, as  the  cabbage  and  mushroom,  putrefy  with  an  animal  odor.  Sub- 
stances containing  nitrogen  also  emit  an  offensive  and  peculiar  odor  when 
burned ;  as  for  example,  the  smell  of  burnt  hair,  leather,  flesh,  bones,  etc. 
This  odor  may  be  regarded  as  an  invariable  test  of  the  presence  of  nitro- 
gen. 

Nitrojgen  constitutes  an  essential  element  of  many  of  the  most  valuable 
and  potent  medicines,  as  quinia  and  morphia,  and  also  of  some  of  the  most 
dangerous  poisons,  as  prussicacid  and  stiychnia. 

A  suspicion  has  always  existed  that  nitrogen  may  be  a  compound  body. 
One  circumstance  which  has  led  to  this  idea^  is  its  demeanor  as  respects  elec- 
tricity. Most  of  the  binary  compounds  yield  up  their  elements  in  obedience 
to  the  direction  of  this  force,  but  electricity  determines  no  liberation  of  nitro- 
gen from  any  of  its  combinationa  All  attempts,  however,  to  decompose  it 
have  fiuled,  and  its  position  among  the  elements  must  therefore  remain  undis- 
puted. 

*  Iodide  of  nitrogen,  prepared  as  above,  is  not  liable  to  explode  while  moist,  and  la 
very  small  quantities  may  be  used  irithout  danger.  For  the  purpose  of  experiment  mi- 
nute portions  of  it  should  be  taken  upon  the  point  of  a  penknife  blade,  or  upon  the  end 
of  a  glass  rod. 

QnniTXONS. — Into  what  class  of  compounds  does  it  particularly  enter  as  a  constituent  f 
'What  characteristics  of  nitrogen  are  illustrated  by  the  compound,  iodide  of  nitrogen  f 
What  is  said  of  nitrogen  in  the  animal  system?  What  circumstance  characterises  the 
tlecay  of  bodies  rich  in  nitrogen  ?  What  is  one  of  the  tests  of  the  presence  of  nitrogen  in 
«  body  ?    What  is  said  of  the  elementary  character  of  nitrogen  1 
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THE  ATMOSPHERE. 

329.  History  • — ^The  air  was  formerly  supposed  to  be  an  element,  but 
was  not  altogether  regarded  in  the  light  of  a  material  substance.  The  posi* 
tion  which  it  held  in  the  old  systems  of  philosophy  was  similar  to  that  as- 
signed to  light,  heat,  and  electricity  in  some  systems  of  the  present  day — a 
fluid  substance  without  weight,  form,  color,  or,  in  short,  any  of  the  ordinary 
attributes  of  matter. 

It  was  not  until  16t3  that  it  was  even  suspected  that  urs,  other  than  at- 
mospheric air,  might  have  an  existence.  About  that  time  Robert  Boyle,  an 
English  chemist,  maintained  '*  that  some  solid  bodies  do,  in  certain  circum- 
stances, as  when  heated,  throw  off  artificial  airs  resembling  atmospheric  air 
in  thinness  and  elasticity,  as  well  as  in  dryness  and  permanency,  but  differing 
from  it  he  could  not  well  tell  how." 

In  the  beginning  bf  the  Itth  century  the  workmen  in  certain  German 
mines  were  molested  (as  miners  still  are)  by  certain  agencies,  some  of  which 
were  liable  to  suffocate  them  silently  but  summarily  (carbonic  acid),  whilo 
others  burned,  or  exploding,  blew  them  into  fragments,  (fire-damp,  carburetted 
hydrogen).  Von  Helmout,  the  old  alchemist,  explained  these  phenomena  by 
referring  them  to  the  agency  of  spirits,  the  guardians  of  the  mineral  treas- 
ures, whom  he  called  geists  (ghosts).  From  this  originated  the  English  word 
gctSy  which  is  still  employed  to  designate  aeriform  substances. 

Torricelli,  a  pupil  of  Galileo,  first  proved,  in  1643,  that  atmospheric  air  pos- 
sessed weight ;  and  one  hundred  and  fourteen  years  afterward,  or  in  1757» 
Joseph  Black,  a  Scotch  chemist  of  Edmburgh,  first  discovered  and  collected 
in  a  separate  state  a  gas  other  than  atmospheric  air.  He  ascertained  that 
limestone  (chalk,  marble,  or  oyster-shells)  when  burned  in  a  kiln,  or 
heated  with  a  strong  acid,  parts  with  a  kind  of  air  in  which  no  animal  can 
breath  and  live.  This  gas  (which  we  now  call  carbonic  acid)  Black  termed 
'  fixed  air^  because  it  was  imprisoned  in  the  rock  until  the  furnace  or  the  add 
extricated  it  from  its  fixture. 

This  discovery  was  one  of  the  greatest  that  has  ever  been  made  in  chem- 
istry, since  it  for  the  first  time  clearly  proved  that  there  may  exist  different 
kinds  of  aiiy  matter  (just  as  there  are  different  kinds  of  solid  and  liquid  sub- 
stances), differing  as  much  fi-om  the  gas  of  the  atmosphere  as  oil  or  sulphuric 
acid  differ  from  water,  or  as  slate  or  marble  from  sandstone. 

Shortly  after  this  discovery  by  Black,  Dr.  Priestley  devised  the  pneumatic 
trough  (once  known  as  the  Priestleyan  trough)  and  by  so  doing  rendered  easy 
the  collection  and  handling  of  gaseous  substances.  He  also  discovered  and 
isolated  nine  different  gases,  and  among  them  oxygen.  Scheele,  working  in 
an  obscure  Swedish  town,  with  no  other  apparatus  but  phials  and  bladders, 
abont  the  same  time  added  two  or  threo  more  to  the  list.    Discoveries  of  the 

QnxsTiOKB. — How  was  air  regarded  hy  the  ancients?  When  was  the  existence  of  sepa- 
rate gases  first  suspected  ?  What  was  the  origin  of  the  term  **  gas  T*  Who  first  demon- 
strafted  the  weight  of  air  ?  Who  first  collected  and  recognized  a  separate  gas  ?  What 
was  the  nature  of  Black's  discovery  ?  What  Is  said  of  the  importance  of  this  discover  j  ? 
What  discoyeries  sacoeeded  that  made  by  Black  ? 
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same  kind  then  took  place  in  rapid  sucoession  all  over  Europe.  Cavendish 
fi>Uowed  with  hydrogen,  Rutherford  with  nitrogen,  while  Lavoisier  overthrew 
the  great  old  doctrine  of  the  elementary  nature  of  air,  by  proving  that  it  oon- 
Bisted  of  two  gases  mingled  in  unequal  proportions.* 

Within  a  comparatively  recent  period  it  has  been  admitted  as  a  fundamental 
principle  in  physical  science,  that  **  gases  are  merely  tne  steams  of  liquids 
which  boil  at  immensely  low  points  of  temperature,  these  liquids  being  the 
liquefactions  of  solid  bodies  which  melt  at  temperatures  lower  still,  and  that 
therefore  there  may  be  no  end  to  the  number  of  the  kinds  of  gaseous  mat- 
ter, precisely  as  there  is  no  known  limit  to  the  vast  variety  of  liquids  and 
•oUds.'' 

330.  Atmospheric  Air  consists  essentially  of  nitrogen 
and  oxygen  mixed  together  in  the  proportion  of  four  fifths 
by  volume  of  .the  former  to  one  fifth  of  the  latter. 

More  correctly,  the  composition  of  air  which  has.been  freed  from  the  pres- 
ence of  all  foreigQ  ingredients  may  be  represented  by  measure  and  weight  as 
fiillows  :— 

By  ireiglit.         By  measare. 
KHrogen 76*90  7910 

Oxygen 23-10  20-90 

10000  10000 

In  addition  to  oxygen  and  nitrogen,  the  atmosphere  always  contains  small 
and  variable  proportions  of  carbonic  acid  gas  and  aqueous  vapor;  and  very 
often,  minute  quantities  of  ammonia,  nitric  add,  the  aroma  of  flowers,  and  va- 
rious other  organic  and  incNrganic  products ; — ^m  short,  as  the  sea  contains 
traces  of  almost  eveiy  thing  that  is  soluble^  so  the  air  contains  traces  of  almost 
every  thing  that  is  volatile. 

The  oxygen  and  nitrogen  existing  in  the  air  are  merely  intermingled,  and 
not  chemically  combined  with  eadi  other;  but  their  relative  proportions 
never  vary.  This  has  been  proved  by  the  analysis  of  air  collected  upon  the 
summit  of  M^unt  Blanc,  and  upon  the  Andes ;  at  an  elevation  of  21,000  feet 
by  Guy  Lussac  in  a  balloon ;  over  marshes ;  in  hospitals ;  over  deserts ;  and 
at  the  bottom  of  the  deepest  mine& 

The  quantity  of  carbonic  acid,  on  the  contrary,  being  much  influenced  by 
local  causes,  varies  considerably.  The  average  quantity  is  4.9  volumes  in 
10,000  of  air,  but  is  observed  to  vary  from  6.2  as  a  maximum  to  3.7  as  a 
minimum  m  10,000  volumes.    Its  proportion  near  the  sur&oe  of  the  earth  is 


*  The  experiment  by  which  Lavoisier  arrived  at  this  result  ia  described  under  the 
head  of  Combnsfcion. 

QnnnoNB.->What  is  noir  nndcrstood  to  be  the  tme  nature  of  gases?  What  is  the 
eompoidtion  of  atmospheric  air  ?  In  what  condition  do  oxygen  and  nitrogen  exist  In  the 
air  f  Are  the  proportions  of  those  two  gases  rariable?  What  is  the  proportion  of  car- 
bonic add  in  the  idr  ?    Under  what  circumstances  does  it  yary  ? 
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« 
greater  in  snmmer  than  in  winter,  and  during  night  than  during  day.  It  j» 
also  rather  more  abundant  in  elevated  situations,  as  on  the  summits  of  high 
mountains,  than  in  plains ;  this  is  probably  owing  to  an  absorption  of  the  gas 
near  the  sur&ce  of  the  earth  by  plants  and  moist  surfaces.  An  enormous 
quantity  of  carbonic  add  gas  is  discharged  from  the  elevated  cones  of  the  vol- 
canoes of  America,,  which  may  partially  account  for  .the  high  proportion  of 
this  gas  in  the  upper  regions  of  the  atmosphere.  The  gas  emitted  from  the 
Tdcanoes  of  the  Old  World  is  said  to  be  principally  nitrogen. 

The  quantity  of  watery  vapor  contained  in  the  air  varies  with  the  temper- 
ature  (§  141,  page  92).  It  seldom  forms  more  than  l--60th  or  less  than 
l-200th  of  the  bulk  of  the  air. 

Notwithstanding  the  difference  in  density  between  each  of  the  principal 
constituents  of  the  atmosphero— nitrogen,  oxygen,  carbonic  add,  and  the 
vapor  of  water — and  notwithstanding,  also^  the  absence  of  any  chemical 
union  between  them,  they  are  always,  through  .the  acti(xi  of  the  iaw  of  the 
diffusion  of  gases  (§  5X,  page  39^  found  uniformly  mingled  together.  The 
operatioDS,  also,  of  combustion,  respiration,  vegetation,  and  the  like,  continu- 
ally going  on  upon  the  earth's  surface,  remove  great  quantities  of  osygcn 
from  the  air,  and  substitute  a  variety  of  other  gases,  the  principal  of  wliich  is 
carbonic  add ;  yet  so  beautifully  adjusted  is  the  balance  of  chemical  action 
in  nature,  that  no  perceptible  change  in  the  composition  of  the  atmosphere 
has  been  observed  since  accurate  experiment  on  the  subject  was  first  com- 
menced. 

Ammonia  seems  to  be  an  almost  constant  constituent  of  the  atmosphere  in 
exceedingly  minute  quantity.  Recent  most-carefully  conducted  experiments 
by  M.  Yille  of  France,  fix  the  average  quantity  as  1  volume  in  28,000,000  of 
air.    Other  experimenters  have  deduced  a  much  greater  result. 

Nitric  add  may  be  usually  detected  in  the  rain-water  obtained  dyring  a 
thunder-shower.  It  is  supposed  to  be  formed  by  the  union  of  the  oxygen, 
nitrogen,,  and  aqueous  vapor  of  the  air,  through  the  agency  of  electridty. 

Organic  matter  of  some  kind  is  almost  always  present  in  the  atmosphere ; 
but  it  not  unftequently  happens  that  chemical  tests  &il  to  detect  it^  when  the 
sense  of  smell  and  a  peculiar  effect  upon  the  human  constitution  give  abun- 
dant evidence  of  its  presence.  This  is  especially  true  of  the  odoriferous  mat- 
ters of  flowers,  and  the  miasmata  of  marshes.  Dew  collected  over  rice-fields 
often  contains  so  much  decomposing  organic  matter,  as  to  become  putrid  after 
standing  for  a  short  time.  Exposure  to  the  night  air  of  these  localities  in  the 
hot  season,  invariably  produces  in  the  Caucasian  race^  malignant  and  almost 
incurable  fevers. 

The  prindpal  office  which  nitrogen  appears  to  sustain  in  the  atmosphere, 
is  that  of  a  diluent  of  the  oxygen.  If  the  quantity  of  oxygen  in  the  air  was 
increased  much  beyond  its  present  proportion,  the  inflammability  of  most  sub- 

QuKsnoRB. — Hoir  does  the  quantity  of  aqneons  vapor  vary  f  What  is  said  of  the  mii- 
fermitjr  of  the  oondition  of  the  atmosphere  f  What  of  the  ammonia  of  the  atmosphere  ? 
What  of  nitric  acid?  What  of  organic  matter  f  What  office  does  nitrogen  appear  to 
sustain  in  the  atmosphere? 

10* 
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Btancefi  would  be  greatly  augmented;  and  the  fhnctions  of  life  would  be 
called  into  such  rapid  action  aa  to  soon  exhaust  the  powers  of  the  system. 
Nitrogen  being  the  most  indifferent  of  all  substances,  and  wanting  in  any 
poisonous  qualities,  dilutes  the  too  active  oxygen,  and  prolongs  its  action 
upon  the  system,  in  the  same  way  as  water  dilutes  and  diminishes  the  stim- 
ulating action  of  spirituous  liquors.  Recent  researches  have  also  rendered  it 
probable  that  the  nitrogen  of  the  lur  discharges  an  important  office  in  respir< 
ation,  by  preserving  the  volume  and  tension  of  the  cells  and  extreme  tubes 
of  the  lungs. — Pbof.  Moultbie. 

Oxygen  is  strikingly  magnetic ;  nitrogen  is  singularly  the  reverse ;  and 
the  atmosphere,  a  mixture  of  both,  is  nearly  neutral  as  respects  magnetism  in 
all  its  relations  to  matter. 

Another  illustration  of  the  adaptation  of  nitrogen  to  its  atmospheric  (unc- 
tions is  to  be  found  in  its  specific  gravity,  or  density,  which  is  nearly  the 
same  as  that  of  its  associated  oxygen.  Had  there  been  any  great  difference 
in  this  respect,  the  tendency  of  the  two  gases  would  have  been  toward  sep- 
aration, and  this,  notwithstanding  the  influence  of  the  law  of  diffusion. 
Again,  as  the  atmosphere  is  now  constituted,  there  exists  a  permanency  of 
the  pitch  of  sound :  any  tone  being  once  generated,  remains  the  same  tone 
until  it  dies  away.  Its  degree  of  loudness  alters  in  proportion  to  the  distance 
of  the  listener  from  the  place  where  it  originated,  but  its  pitch — ^never.  If 
the  specific  gravity  of  oxygen  and  nitrogen  had,  however,  been  widely  dis- 
similar, there  would  have  been  a  difference.  Ko  permanency  of  tone  could 
then  have  been  depended  on,  and  the  pitch  of  everj'  original  note  would  have 
Yja  107  varied  continually.      "All  the  studied  ar- 

rangement of  defined  notes,  which  constitutes 
the  art  of  music,  would  have  been  lost  to  us 
forever,  had  we  been  enveloped  in  such  an 
atmosphere."  These  facts  may  bo  illustrated 
by  striking  a  sonorous  body  in  a  receiver 
containing  air,  and  afterward  in  one  contain- 
ing hydrogen,  which  is  much  lighter  than 
ear.  (See  Fig.  107.)  The  experiment  may  be 
varied  by  causing  a  tuning-fork  in  the  key 
C  to  vibrate  over  a  small  glass  jar,  which, 
when  made  to  resound,  emits  the  same  notc^ 
and  is  therefore  in  union  with  the  fork.  If 
the  jar  be  now  filled  with  hydrogen,  and 
inverted,  to  prevent  the  escape  of  gas,  and 
the  fork  be  again  caused  to  vibrate  opposite 
its  mouth,  the  unison  is  destroyed,  and  the 
sound  is  no  longer  responsive  to  the. note  C. 

QuBSTiOKB. — ^What  is  nid  of  the  magnetic  condition  of  the  atmosphere  f  How  does  the 
■pedfle  graTit7  of  nitrogen  adapt  it  to  its  condition  in  the  atmosphere !  What  expwi' 
meats  iUostrate  this  f 
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331.  AoBlygiB  of  Air. — Tho  proportions  of  oxygen  and  nitrogen  in 
tha  atmoHphere  are  dole'-miQed  by  withdrawing  the  osjgen  from  a  measured 
portioa  of  perffecUy  dry  air,  throng  the  agency  of  va- 
rious Bubslances  which  absorb  it    (See  §  326,  page  220.)  FlQ.  108. 
A  stick  of  phosphorus  introduced  into  a  known  measure 
of  air  la  a  graduated  tube,  the  open  end  of  wliich  is  bo- 
neatii  the  surface  of  water  (see  Fig.  108),  effects  a  com- 
plete abaorpWon  of  tlie  oxygon    in  about   24   hours. 
The  water  rising  in  the  lube  iudicates  a  diminutioc  of 
one  fifth  in  the  volume  of  tho  air — or  what  is  the  aamo 
thing,  a  withdrawal  of  from  20  to  21  per  cent  of  oxygen. 

The  carbonic  acid,  aqueous  vapor,  ammonia,  and  tba 
occasional  coosfituecls  of  the  atmosphere,  are  deter- 
mined by  pasdug  a  measured  quantitj  of  air  through 
receptacles  conCainitig  mateiials  whicb  absorb  and  retain 

The  arrangement  by  vliicli  this  can  1)o  beat  effected  is 
called  an  Aspirator.  It  conasta  amply  of  a  tight  cask  of 
a  known  capacity,  filled  with  water,  and  provided  at 

Pjq  jqP  tho  base  with  a  stop-cook. 

At  the  top  of  tho  cask,  a 

=  tube,  or  series  of  tubes,  or 

other  Tessels  are  fitted,  as 

is  represented  in  Fig.  109  ; 

one  filled,  tor  example,  with 

pumice  stone  drenched  with 

strong  sulphuric  acid,   aud 

another  with  caustic  potash. 

Wben  the  cock  of  the  vessel  is  opened,  and  tho  water  allowed -to  flow  out,  its 

place  is  supplied  by  an  equal  volume  of  air,  which  flows  in  through  the 

tubes.    The  sulphuric  add  absorbs  all  the  moisture  contained  in  tlio  air 

which  flows  over  it,  and  the  potash  all  the  carbonic  acid.    The  quantity 

of  air  th^  passes  through  tho  tabes  is  known  by  tho  quantity  of  water 

that  fiuwB  out  of  the  cask,  while  the  increased  we^bt  of  the  separate 

tnbca  gives  the  total  amount  of  moisture  and  caibonio  add  contamcd  in  such 

qaantity. 

332.  Componndi  d(  Nitrogen  and  OiTgen. — Nitrogen 
unites  witli  oxygen  to  form  five  distinct  compouDdg,  con- 
taining, respectively,  1,  2,  3,  4,  and  5  equivalents  of  oxy- 
gen, with  1  of  nitrogen. 

Their  names  and  chemical  constitution  are  thus  exipressed : 

QfTBinoFiii, — Ilov  !■  sir  aoalyxs^y  Hot  ivethedubonlcAeldftDdaiiDftODaT^wroftlis 
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OoinpoMa  \>Y  wnKBt  o' 
BymboL  <  '■  >^ 

Protox3rd  of  nitrogen  (nitroat  oxyd) NO  14  nitrogen  +  6  oxygen. 

Dentozsrd  of  nitrogen  (nitric  oxyd) NOt  14       "       +16       ^ 

NitronBAdd NOt  U       "       +84       " 

Hyponitrlc  acid  (perozyd of  nitrogen).. NO4  14       **       +32       *' 

Nitricadd. NOi  14       »*       +40       *• 

Three  of  these  compounds  are  acids;  and  all  of  them  are  endowed  with 
qualities  so  marked,  so  powerful,  and  so  well  defined,  that  the  origmal  attri,* 
butes  of  their  elements  are  entirely  lost 

333.  Nitric  Acid,  NO5. — Nitric  acid  is  the  most  import- 
ant of  all  the  combinations  of  nitrogen  and  oxygen,  and  is 
the  source  from  whence  most  of  the  compounds  of  nitrogen 
are  generally  obtained. 

334.  History . — ^It  was  known  to  the  alchemists,  but  its  true  oompositioa 

was  first  determined  by  Cavendish  in  1*786.  The  name  formerly  applied  to  it, 
and  which  is  still  used  to  some  extent,  was  aquq/artis, 

335.  Distribution  .—Nitric  add  occurs  in  nature  usually  in  combina- 
tion witii  potash,  soda,  or  lime  in  the  soil,  especially  in  tropical  countries^  as 

in  some  parts  of  India  and  Peru.  The  compound  formed  with  potash  consti- 
tutes the  nitre  or  saltpeter  of  commerce.  In  ihe  desert  of  Atacama,  in  Chili 
and  Peru,  it  exists  in  vast  quantities  combined  with  soda,  (brming  nitrate  of 
soda,  which  salt  is  also  called  **  Chilian  saltpetre,"  or  cubic  niter.  Kitric  add, 
as  already  stated,  also  exists  occasionally  in  the  atmosphere,  especially  during 
and  after  the  occurrence  of  thunder-storma. 

336.  Preparation  .—When  nitrogen  is  mixed  with  twelve  or  fourteen 

times  its  bulk  of  hydrogen,  and  a  jet  of  the  mixed  gas  is  allowed  to  bum  in 
air,  or  in  oxygen,  the  water  formed  has  a  sour  taste  and  an  add  reaction  from 
the  formation  0f  a  small  quantity  of  nitric  acid.  In  this  case  the  nitrogen 
bums  by  reason  of  the  great  heat  developed  during  the  combustion  of  the  hy- 
drogen, and  the  nitric  acid  combines  at  once  with  the  water  formed,  which 
last  substance,  in  some  way  by  its  presence,  aids  the  operation.  It  was  from 
noticing  the  addity  of  water  formed  by  the  combustion  of  hydrogen  in  air, 
that  Cavendish  was  led  to  institute  an  investigation  which  terminated  in  the 
discovery  of  nitric  add.  He  mixed  together  ihe  two  gases,  oxygen  and  ni- 
trogen, in  a  close  tube^  over  a  solution  of  potash,  and  then  caused  them  slowly 
to  oMnbine  by  passmg  a  series  of  electric  sparks  through  the  mixture  for  sev- 
eral successive  days.  At  the  conclusion  of  the  experiment,  the  glass  contained 
nitrate  of  potash  (saltpeter).  A  similar  result  will  be  produced  if  a  fiumber 
of  sparks  be  passed  fit)m  an  electrical  machine,  through  air  between  two 
metallic  pomta,  over  moistened  litmus  paper :  a  red  spot  will  be  produced 
upon  the  paper,  owing  to  the  f(»rmation  of  nitric  add  in  minute  quantity  by 
the  combination  of  oxygen  with  nitrogen. 

QunmONS.— -Gire  the  aerieq..  What  is  said  of  nitric  add?  What  of  its  history? 
What  of  its  distribntton  ia  naturo  ?  Uow  may  nitric  add  be  formed  ?  What  drcom- 
atanees  led  to  its  diaoeyery  f 
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For  all  practical  purposos,  nitric  acdd  is  olwajs  obtained  by  heating  ono  of 
the  natural  cMmpounda  of  nitric  add  with  potash  or  aoda  in  &  retort,  wiUj  an 
eqmil  weight  oi  strong  sulphuric  add.  Tbo  nicrio  add  is  displaced  bj  the 
aolphuric  acid,  and  di^ils  opor,  being  much  moro  TolaUio  than  tbe  BulphuriG 

Thisproceesmajboeasi]]'  Ftl.  110. 

iOnstiBtad  eTperimentallj' 
by  introdndng  into  a  ^asa 
retort,  Wig.  110,  equal 
weigbts  or  powdered  salt- 
petei  and  abcmg  sulphurio 
add.  The  retort  should  be 
supported  upon  a  tbiu  layer 
ot  sand  oont^ed  in  a  tin 
or  sheet-iron  Tonel  (tech- 
nically tenned  »  sand-bath), 

and  the  heat  supplied  by  an  ordinary  alcobol-lamp  ;  a  flask  cooled  by  a  wet 
doth,  or  placed  in  a  Teasel  oT  cold  water,  is  adapted  to  the  retort,  and  servos 
as  a  receiver.  Daring  the  distiUatioa  red  Tumes  appear  in  the  retort,  arising 
ftoin  A  partial  decomposition  oT  the  nitric  add  Ibrmed,  and  a  prodnction  oT 
some  of  tiie  lower  oxydi  of  nitrogen.* 

On  a  lai^  scnle,  htm  retorts  ooated  on  the  inside  with  &re-day  are  em- 
ployed.    The  chemical  reaction  involved  in  this  ptocecs  nay  be  represented 


331;  Propsrlio*. — Nitric  acid,  when  pore  and  in  a  concentrated  stoto, 
b  a  colinfess,  Ihnpid,  fliming  liquid,  panei&Uy  coiroeire  and  inteosdj  acid. 
As  Ibond  in>oomiDerce,  it  is  never  pnre^  and  is  of  a  golden-yellow  color.  It 
is  the  highest  oiyd  of  nitrogen  known  to  exist,  and  has  a  specific  ^raiity 
of  1*63  (water  •—  1).  Anhydroos  nitrio  add,  or  nitric  acid  without  water 
combined  with  it,  can  be  prepared  by  a  most  carefully  conducted  chemical 
proceM ;  but  under  all  ordinary  drcnmatancea  it  oontaina  a  certain  invportion 
of  water ;  its  constitatian  bdng  represented  by  tbe  formula  NOi,  HO.  In  the 
most  concentrated  slate  in  wbich  it  can  be  used,  it'consists  of  B4  parts  real 
add  and  9  of  water. 

Nitrio  add  is  xerj  readily  decomposed,  and  mere  distillation  caoset  a  par- 
tial decompoation.     Exposure  to  l^t  produces  a  simOar  reaulti  oxygen  and 

■  The  ntort  geumllr  bnakl  ■!  tfa«  anndu^D  of  tlili  proma  Itom  tbe  n7M>lllisit(l<n 

sf  tha  nt^le  of  potuh  (brmed,  bot  II  in>T  be  uved  br  sddlng  lo  It,  wboi  partkUj 
eoolad,  •  towU  qnuitllr  of  w>nn  nt<r. 

QDBncni>..-HgirlBUpT«eUaiUTprepara4?  IHist !•  the ehanhMt  rsKtIon  Involrad 
intbapncUalpicductlcinofiitUlguLdl  Whit  are  the  pnpenlsl  of  nltrls  udd  f  DoM 
lteii>t  apirt  from  watstr  !•  nllilo  add  aaiOr  a«aompD»d  f  WlutaButliaallcbt  nponltr 
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some  of  the  lower  oxygen  oomponnds  of  mtrogen,  which  produee  disoolora- 
tion,  being  evolved — Bometimes  in  quanti^  sufficient  to  expel  the  stopper  of 
a  bottle.  In  its  concentrated  form  it  begins  to  boil  at  I84<>  F.,  and  fieeses 
at  about  —  40o  F. 

338.  Chemical  Action  of  Nitric  Acid. — ^Nitric  add  is  one  of 
the  very  strongest  acids,  and  ranks  next  to  sulphuric  add.  It  attacks  most 
inorganic  substances,  and  all  living  tissues^  It  turns  wool,  feathers^  the  skin, 
and  all  animal  matters  containing  albumen,  a  bright  yellow  color ;  tiie  orange 
patterns  upon  woolen  table-doths  are  produced  by  means  of  it  In  medicine 
it  is  not  unfirequently  used  as  a  powerful  cauterizing  agent 

The  effect  of  concentrated  nitric  acid  upon  animal  tissues  may  be  iUuii» 
trated  by  applying  a  drop  to  a  piece  of  pardmient,  which  immediately  be- 
comes stained  and  shrivelled.* 

The  action  of  nitric  acid  on  vegetable  colors  may  also  be  illustrated  by  the 
following  experiment : — Color  some  water  blue  in  a  test  tube  with  a  scdution 
of  indigo,  and  add  to  it  on  boiling,  a  drop  of  nitric  add ;  the  blue  color  will 
almost  immediately  disappear.f 

Nitric  add,  when  in  its  state  of  highest  concentration,  exerts  no  violent 
action  upon  certain  organic  substances,  such  as  woody  fibers,  starch,  etc.,  but 
unites  with  them  to  form  most  singular  compounds.  Cotton  fibers  immersed 
in  it  fixr  a  few  moments  and  then  carefully  washed  in  water,  are  converted 
into  a  violently  explosive  substance.    (See  gun-cotton.) 

Commercial  nitric'  add  will  completely  dissolve,  in  the  cold  and  without 
odor,  a  little  less  than  its  own  weight  of  flesh  and  bone  (beef),  in  a  space  of 
time  varying  from  three  to  five  hour&     The  action  of  nitric  add,  however, 
upon  organic  substances  and  the  metals  is  exceedingly  different  at  difbrent' 
degrees  of  concentration. 

Nitric  add  very  readily  parts  with  a  portion  of  its  oxygen  to  the  metals 
and  to  combustible  bodies,  and  is  therefore  one  of  the  principal  agents  made 
use  of  in  chemistry  lor  causing  such  substances  to  assume,  or  pass  intoastate 
of  oxydation. 

If  nitric  add  be  dropped  upon  hot  finely  powdered  charcoal,  ihe  charcoal 
bums  vividly ;  if  mixed  with  a  little  oil  of  vitriol,  and  poured  upon  oil  of  tur- 
pentine, it  occasions  an  explosive  combustion.    Phosphorus  is  readily  ignited* 


*  It  ii  an  eztraordinuy,  very  crael,  and  too  oommoQ  experiment  made  bypliTriologlfltai 
to  Qlostrate  what  they  are  pleased  to  call  a  power  of  yital  contractility  ander  the  influ- 
ence of  a  Btimulus,  by  touching  with  a  glass  rod  dipped  in  nitric  acid,  the  heart  of  a  living 
rabbit    Inaninstant  the  heart  shriyels  and  oontraots  to  one  third  Its  <niginal  slse.' 

t  Indigo  solatton— «  most  useful  chemical  reagent— may  be  easOy  formed  by  pnlves 
Izing  a  small  quantity  of  indigo,  and  formii^  a  thin  paste  of  it  with  akrong  sulphnrio 
add.    After  a  few  days  add  water,  and  a  deep  blue  liquid,  solution  of  indigo,  is  obtained. 

QimnoirB. — ^What  are  its  ireezlng  and  boiling  points?  What  is  said  of  its  chemical 
character  f  How  may  the  action  of  nitric  acid  upon  animal  tissues  be  iOuBtrmted  f  How 
its  action  upon  regetable  colors?  How  upon  vegetable  fibers?  How  is  nitrlfC  Mid  able 
to  produce  o^jrdatfoB  ? 
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b^  throwing  it  upon  strong  nitric  acid.  This  experiment  is  a  somewhat  haz- 
ardous one,  and  particles  of  phosphorus  scarcely  larger  than  the  head  of  a  pin 
should  alone  be  employed. 

339.  The  Action  of  Nitric  Acid  upon  the  Metalsis  in- 
structive, and  serves  to  illustrate  the  manner  in  which  metallic  bodies  com- 
bine with  the  adds  generally.  The  metals  will  enter  into  direct  combination 
with  many  of  the  simple  non-metallic  bodies.  Thus  antimony  will  unite  with 
chlorine,  iron  witli  oxygen,  and  copper  with  sulphur ;  but  no  metal  will  unite 
dlrecUy  with  an  acid.  In  order  that  combination  between  them  should  oc- 
cur, it  is  necessary  that  the  metal  should  be  in  the  form  of  an  oxyd.  This 
oxydation  may,  however,  be  effected  at  the  same  time  that  the  add  is  pre- 
sented to  the  metal,  and  the  formation  of  the  oxyd  and  its  solution  in  the 
add  may  appear  to  occur  simultaneously.  Zinc,  for  example,  does  not  unite 
as  zinc  with  sulphuric  acid ;  but  when  this  metal  is  placed  in  dUttte  sulphuric 
add,  the  oxygen  is  supplied  from  the  water  contained  in  it,  which  is  de- 
composed ,'— oxyd  of  zinc  is  produced  and  is  immediately  dissolved  by  the 
add,  whilst  the  hydrogen  escapes  in  the  gaseous  form.  When  a  metal, 
soch  as  copper  or  silver,  is  dissolved  by  nitric  add,  a  preliminary  oxydation 
is  equally  necessary ;  but  owing  to  the  facUity  with  which  nitric  add  is  de- 
composed, this  oxydation  is  usually  eifected  by  depriving  the  acid  of  a  por- 
tion of  its  oxygen,  it  being  more  readily  decomposed  than  water.  When  this 
takes  place,  a  part  of  the  products  of  the  decomposition  of  the  add  escapes 
into  the  air  in  the  form  of  deep  red  fomes  (see  hyponitric  acid),  while  the 
compound  of  the  metal  with  oxygen  dissolves  in  another  portion  bf  the  acid 
which  has  not  undergone  decomposition.  It  is  through  this  peculiar  action 
of  nitric  add  that  it  is  rendered  a  most  ready  and  powerful  solvent  of  most 
of  the  metals. — ^Miller. 

340.  Salts  of  Nitric  Acid  .—The  salts  formed  by  the  uhion  of 
nitric  add  with  the  bases  are  termed  nitrcUes^  and  are  especially  remarkable 
for  the  circumstance  that  they  are«eoluble  in  water.  When  the  nitrates  are 
projected  upon  glowing  coals  they  are  decomposed ;  and  by  reason  of  the  es- 
cape of  oxygen,  they  deflagrate,  or  bum  furiously  with  sdntillations.  If  dis- 
solved in  water,  and  paper  be  moistened  with  the  solution,  allowed  to  diy, 
and  then  burned,  the  peculiar  combustion  characteristic  of  touch-paper  will 
be  produced.  This  property  is,  however,  exhibited  by  the  salts  of  some  other 
adds. 

Nitric  add  is  a  substance  much  used  in  the  laboratory,  and  in  many  of  the 
operations  of  practical  art 

341.  Protoiyd  of  Nitrogen,  NOj— 2^i«rot«  Oxyd ;—EchilaraUn(; 
Gaa. — ^This  gas  was  discovered  by  Priestley  in  1776,  but  its  properties  re- 
named unknown  until  investigated  by  Davy,  ia  1808.  Since  this  period,  a 
«X)nsiderable  degree  of  popular  attention  has  always  been  bestowed  upon  it, 

QvnnoirB.'— Explain  the  action  of  nitric  acid  upon  the  metals,  and  the  principle  which 
■neh  action  illmitrates.  What  are  the  salts  of  nitric  acid  termed  f  What  are  their  dis- 
tingolshing  pecnliarities  ?    When  and  by  irhom  was  protozyd  of  nitrogen  disoorered  t 
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in  consequence  of  the  remarkable  efik^  which  it  produces  upon  the  animal 
STStem,  when  taken  into  the  lungs. 

342.  Preparatio  n. — Protoxyd  of  nitrogen  is  prepared  by  heating  tiie 

salt  known  as  nitrate  of  ammonia  in  a 
111.  gj^jgg  flagip^   fbmirfied  with  a  pOTforated 

cork  and  a  bent  glass  tube,  oyer  a  spirit 
lamp.*    (See  Fig.  111.) 

Upon  the  application  of  a  moderate  tem- 
peratme,  the  Sfdt  melts,  and  at  about  400o 
F.  apparently  begins  to  b<Ml;  it  is,  how- 
ever, in  reality  undergoing  a  process  of  de- 
composition, by  which  it  is  entirely  re- 
solved into  gaseous  protoxyd  of  nitrogen 
and  steam  (water).  The  temperature  must 
be  very  carefully  watched,  and  not  allowed 
to  rise  so  high  as  to  occasion  white  viqpors 
in  the  flask,  as,  in  such  case,  some  injurious 
products  may  be  formed.  The  gaa  shoidd 
be  collected  in  a  gasometer,  or  receiver  filled  with  water  of  a  temperature  of 
about  90 ;  cold  water  absorbing  considerable  quantities  of  it.  It  is  also  ad- 
visable to  allow  the  gas  to  remain  for  a  littie  time  over  water  before  attempt- 
ing to  respire  it 

The  reaction  which  takes  place  in  the  production  of  protoxyd  of  nitrogen 
may  be  explained  as  follows :  Ammonia  is  a  compound  of  nitrogen  with  hy- 
drogen. When  the  nitrate  of  ammonia  is  heated,  the  hydrogen  of  the  am- 
monia combines  with  a  part  of  the  oxygen  of  the  nitric  add  to  form  water, 
whilst  the  nitrogen  of  the  ammonia  at  the  same  time  becomes  oxydized  at  the 
expense  of  another  part  of  the  oxygen  of  the  nitric  acid.  The  result  is,  that 
the  whole  of  the  nitrogen,  both  of  the  nitric  acid  and  of  the  ammonia,  is  lib- 
erated in  the  form  of  protoxyd  of  nitrogen,'  thus : 

NItmtoofammoola.  Protox.  nltrog.    Water. 

NHa,  NOi,  HO  becomes  2  NO +4  HO 

An  ounce  of  nitrate  of  ammonia  will  furnish  about  500  cubic  indies  of  this 

gas. 

343.  Properties.— Protoxyd  of  nitrogen  is  a  tranqiarent,  eoloriess 
gas,  with  a  sweetish  smell  and  taste.  It  is  a  heavy  gas,  its  specific  gfravitj 
being  1*62,  or  nearly  the  same  as  that  of  carbonic  add.  It  supports  the  com- 
bustion of  many  bodies  with  nearly  the  same  energy  and  brilliancy  as  pure 

*  Nitrate  of  ammonia  Is  «  white  crystalline  salt,  which  can  be  cheaply  purchased  of 
dealers  in  chemicals,  or  can  be  easily  made  by  neutralizing  dilute  nitric  acid  by  carbonate 
of  ammonia.    In  preparing  exhilarating  gas,  not  less  than  6  or  8  ounces  should  be  used. 

QnnnoivB.— How  is  it  prepared  f  What  is  the  chemical  reaction  inrolwd  in  the  pro. 
cess  !    What  are  ite  properties  ? 
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oxygen ;  and  when  mixed  with  an  equal  bulk  of  hydrogen,  fonns  an  explosive 
mixture.  It  is,  however,  easily  distinguished  from  oxygen  by  its  ready  solu- 
bility in  cold  water,  which  dissolves  nearly  its  own  volume  of  the  protoxyd 
of  nitrogen. 

Under  a  pressure  of  50  atmospheres  at  45^  F.,  it  is  reducible  to  a  dear 
liquid,  which,  at  a  temperature  of  about  150  degrees  below  zero,  freezes  into 
a  beautiful  transparent  crystalline  sohd.  By  mixing  the  liquid  i»x>toxyd  with 
another  very  volatile  substance,  the  bisulphide  of  carbon,  and  allowing  tlie 
mixture  to  evaporate  in  vaccuo,  M.  Natterer,  a  few  years  since,  obtained  a 
leduction  of  temperature  which  he  estimated  at  220  degrees  below  zero ; — a 
lower  point  than  has  been  hitherto  attamed  to  by  any  other  process. 

Protoxyd  of  nitrogen,  if  quite  pure,  or  merely  mixed  with  atmospheric  air, 
may  be  respired  for  a  few  minutes  without  inconvenience  or  danger.  It  then 
produces  a  singular  species  of  transient  intoxication,  "  attended  in  many  in- 
stances with  an  irresistible  propensity  to  muscular  exertion,  and  often  to  un- 
C(Mltrollable  laughter ;  hence  the  gas  has  acquired  the  popular  name  of  exhil- 
arating or  laiighi7ig-ga&  Different  individuals  are  affected  in  diffbrent  degrees 
and  in  various  ways,  according  to  the  temperament  of  each.  In  plethoric 
persons,  where  there  is  any  tendency  to  over-active  circulation  through  the 
brain,  the  experiment  is  not  a  safe  one.  The  intoxicating  effects  pass  off  in 
a  few  minutes,  and  frequently  no  recollection  of  what  has  passed  is  retained, 
and  no  lassitude  is  perceived  after  the  extreme  exertion." — Millek.  The  gas 
should  be  inhaled  from  a  large  bladder  or  gas-bag,  through  a  tube  of  an  inch 
internal  diameter. 

An  animal  entirely  immersed  in  this  gas  soon  dies  from  the  prolonged  ef- 
fects of  the  intoxication. 

The  idea  that  ansesthesis,  or  insensibility  to  pain  during  surgical  operations, 
might  be  occasioned  by  the  inhalation  of  gases,  appears  to  have  been  first  en- 
tertained by  Dr.  Horace  "Wells,  of  Hartford,  Conn.,  from  observing  the  action 
of  protoxyd  of  nitrogen  upon  the  animal  system;  and  he  succeeded  in  pro- 
ducing, by  means  of  it>  the  same  effects  which  are  now  accom-  _ 
plished  by  the  agency  of  chloroform  and  ether. 

344.  Deutoxyd  of  Nitrogen,  NOs:  Binoxydof  M- 
trogen,  or  Nitric  (kyd, — ^This  gas  is  easily  prepared  by  pouring 
nitric  acid  upon  cuppings  or  turnings  of  copper,  contained  in 
a  flask  with  a  little  water.  As  no  heat  is  required,  the  double- 
tubed  hydrogen  gas  apparatus  may  be  employed.  (See  Fig. 
112.)  At  the  commencement  of  the  action,  the  flask  becomes 
£iled  with  deep-red  fumes,  but  if  the  gas  be  collected  over 
water  it  will  be  found  to  be  colorless. 

The  chemical  action  involved  in  the  production  of  nitric- 
oxyd,  by  this  process,  is  as  follows :  The  copper  takes  oxygen  from  one  por- 

QussTiONS. — ^How  is  it  distingnished  from  oxygen  ?  What  efiEect  has  cold  or  premare 
upon  it  ?  What  effect  doei  protoxyd  of  nitrogen  prodnoe  upon  the  systeia  irbeu  inhaled  f 
What  disoOT«ry  was  first  suggested  by  the  action  of  this  gas  on  ttie  system?  How  is 
nitric  oxyd  prepared  ?    What  is  the  chemical  action  inyolved  ? 
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tion  of  the  nitric  acid  and  beoomea  oxyd  of  copper,  which  oombinea  with  an- 
other portion  of  acid  remaining  undecomposed,  and  forms  the  nitrate  of  cop- 
per, the  solution  of  which  ia  of  a  blue  color.  That  part  of  the  nitric  acid  which 
is  decomposed,  loses  three  equivalents  of  oxjgen,  which  are  taken  up  bj  the 
copper ;  the  remaining  two  equivalents  of  oxygen  united  with  the  nitrogen 
appear  as  the  gas,  thus : 

Copper.       NItrie  add.  Nitrate  «opp0r.        NItile  ezjd. 

3  Ou. + 4  (NO.) — 3  (Oa.0,  NO5)  +  NO, 

345.  Properties . — Nitric  oxyi  is  a  colorless  gas,  which  is  but  sligfatlx 
absorbed  by  water.  It  is  perfectly  irrespirable,  and  excites  a  violent  spasm 
of  the  throat  whon  an  attempt  is  made  to  respire  it  Sir  Humphrey  Davy,  in 
his  experiments  upon  the  respiration  of  the  protoxyd  of  nitrogen,  attempted 
to  inhale  this  gas,  but  the  result  was  nearly  fatal,  and  would  have  been  quite 
80^  had  not  the  glottis  contracted  spasmodically,  and  thus  prevented  its  pas- 
sage into  the  lungs. 

Most  burning  bodies,  when  immersed  in  this  gas,  are  extinguished  by  it; 
although  it  contains  half  its  weight  of  oxygen.  If  phosphorus  and  charcoal, 
however,  in  a  state  of  ignition,  be  introduced  into  it,  the  heat  they  evolve 
effects  the  decomposition  of  the  gas,  and  the  combustion  continues  with  great 
brilliancy  through  the  agency  of  the  liberated  oxygen. 

The  most  remarkable  property  of  nitric  oxyd  appears  to  be  its  great  attrao 
tion  for  oxygen.  When  mixed  with  oxygen,  or  any  gas  containing  oxygen 
(atmospheric  airX  dense  red  fumes  are  produced,  which  are  soluble  in  water, 
and  produce  an  acid  liquid.  In  this  way  nitric  oxyd  may  be  used  as  a  test 
to  demonstrate  the  presence  of  uncombined  oxygen  in  a  gaseous  mixture. 
Experimentally  this  action  may  be  demonstrated  as  follows :  Partially  fill  a 
tall  glass  jar  or  bottle  with  nitric  oxyd,  over  a  pneumatic  trough ;  and  then 
by  lifting  the  end  of  the  jar,  admit  a  few  bubbles  of  atmospheric  air,  or  pure 
oxygen.  In  an  instant,  deep  blood-red  fumes  will  fill  the  vessel,  and  much 
heat  will  be  generated.  By  agitating  the  contents  of  the  jar  with  water,  the 
red  vapors  are»  rapidly  absorbed,  and  the  experiment  may  be  several  times 
repeated,  with  the  remaining  portions  of  the  gas. 

Nitric-oxyd  has  never  been  liquefied. 

346.  Nitrous  Acid,  NO,.  Byponiiraus  Acid. — ^The  third  compound 
of  nitrogen  with  oxygen  is  a  brownish  red  vapor  at  ordinary  temperatures, 
and  a  volatile  green  hquid  at  a  temperature  0^  F.  It  is  formed  by  mixing 
4  volumes  of  nitrous  oxyd  with  1  volume  of  oxygen,  both  in  a  perfectly  dry 
state.    It  unites  with  bases  to  form  salts,  which  are  called  nitrites. 

341.  Hyponitric  Acid,  NO4.  P&roxyd  of  Nitrogen, — ^The  red  fhmea 
which  appear  in  mixing  nitrous  oxyd  with  oxygen,  or  atmospheric  air,  con- 


QuMTioKV. — ^What  are  its  properties  ?  How  does  it  act  npon  oombusttbles  ?  What  is 
the  most  remarkable  eharacteriatle  of  nitric  oxyd?  How  may  it  be  aiastrated  ?  What 
is  the  physieal  oonditioii  of  nitrous  add  ?  How  is  it  presared  f  What  is  said  of  hyponi- 
tric acid? 


CHI.OBIHE.  23S 

(dat  nuunlf  of  bjpoiiitria  acid.     It. may  be  Ibnnod  in  a  state  of  purity,  hj 
mixing  4  yolumes  or  Sicric-oxyd  with  2  volumes  of  oxygen. 

The  compouDde  of  nitrogen  with  hydrc^n,  cwbon,  and  other  Qon-metaUiu 
elements,  will  bo  oonndered  in  subsoqaent  geotion* 

SECTION    T. 


i^MiVoImi;  35-5.    StpT^Kl,  a     DrntOy,  2-47. 

348.  H  i  story. — This  substance  was  discovered  by  Scheele 
ID  1774,  and  called  by  bim  depMogiatieated  marine  acid. 

It  WHB  niiiTersally  regarded  as  a  compound  bodj  until  1811,  when  Davy 
established  its  elementaiy  character,  and  on  account  of  itn  yeUowiab-green 
bnt,  gave  it  the  appellation  of  chiorina  (Itom  x^p^ii  green). 

349.  Hatural  Hlatory  and  PI  it ribut Ion.  — Chlorine  ii  a 
principal  member  of  a  small  natural  group  of  fhur  closely-allied  elementary 
bo^ee^  viz.,  chlorine,  iodine,  bromine,  and  flnorine,  which  differ  in  many  rc- 
apecta  &om  all  the  other  elemeata.  They  are  characterized  by  a  remaikable 
indifference  for  each  other,  and  for  an  intenae  affinity  lor  other  substances  at 
ordinary  temperatures — an  affinity  so  general  as  to  preclnde  the  possibility  of 
any  member  of  the  class  existing  in  a  ftee  and  uncombined  state  in  nature. 
Collectively  they  are  termed  the  Halogens,  from  tiie  piQ_  i^3_ 
drcumstanco  of  their  forming  with  the  metals  saUne 

compotmds  resembling   common    salt — Baioid  latli. 

(3«  8  !n.) 

Chlorine  united  with  other  elements  is  a  Urge  con- 
stituent both  of  the  inorganic  and  oi^ianic  kingdoms: 
The  great  maga^e  of  it  in  nature  is  rock,  or  common 
salt,  which  is  a  compound  of  chlorine  and  the  metal 
sodium.  Combinations  of  it  also  with  other  substances 
in  the  mineral  kingdom  are  not  unfrequenL  In  the  or-  ' 
ganic  kingdom  it  is  found  as  a  constituent  of  both  an- 
imals and  vegetables ;  existing  in  the  greater  number 
of  onimnl  liquids,  and  in  various  fluids  and  secretions 
of  plants. 

350.  PTeparstion. — Chlorine  is  most  easily  pre- 
pared by  pouring  stioi^  hydrochloric  (muriatic)  acid 
upon  pulverized  biuoxyd  of  manganese  contained  in  a 
glass  retort  or  flask  (arranged  as  in  Fig.  113),  and  ap- 
plying a  gentle  heat  from  a  spirit-lamp.     The  proper- 

Uons  which  give  the  best  result  are,  ooe  part  by  weight  —        

QuranoHt.— Hair  !■  ii  pmpirgdf  W-n  the  tiMnTfoi  chlarliu.  To  whit  alhar  d«- 
maW  li  chlorine  ilUeit  Wlul  ue  Ow  chancWrbtlM  nf  Ibew  UKnUled  elenmiur 
Wlwlde«igiKtlaniigt*enfa>tlMinu>iduiI  Wlwt  K  Bid  of  Uu  Utribnllaa  of  ehlor- 
tiid  Id  uture  f    How  is  It  prapkrad  T 
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of  binoxyd  of  maDganofle,  and  two  parts  by  weight  of  hydrochloric  add.  The 
gas  may  be  collected  oyer  water,  or  more  cooTemently  by  the  displacement 
of  air  in  a  dry,  narrow-necked  jar,  as  is  represented  in  Fig.  113.  The  green- 
ish color  of  the  chlorine  enables  the  operator  to  determine  when  the  receiver 
is  full  By  closing  the  jars  with  glass  stoppers,  well  smeared  with  tallow,  the 
gas  can  be  preserved  unaltered  for  a  considerable  length  of  time.* 

The  chemical  reaction  whidi  takes  place  in  this  process  may  be  explained 
as  follows :  hydrochloric  acid  is  a  compound  of  hydrogen  and  chlorine ;  when 
mixed  with  the  binoxyd  of  manganese  in  the  proportion  of  2  equivalents  of 
the  former  to  1  of  the  latter,  double  decomposition  ensues: — ^water,  free 
clilorine^  and  a  chloride  of  the  melal  being  produced. 

Thusj— MnOrh2HCl— Mn01+2HO-|-CL 

Three  ounces  of  powdered  binoxyd  of  manganese  with  half  a  pint  of  com- 
mercial muriatic  acid  diluted  with  3  ounces  of  water,  will  yield  between  three 
and  four  gallons  of  the  gas.  Caie  should  be  taken  not  to  use  an  acid  more 
dilute  than  the  one  indicated,  lest  Some  explosive  compound  of  chlorine  should 
be  generated. 

Chlorine  may  also  be  readily  obtained  by  distilling  a  mixture  of  4  parts  by 
weight  of  common  salt,  1  part  of  binoxyd  <^  manganese,  2  of  sulphuric  acid, 
and  2  of  water.  It  is  in  this  way  that  chlorine  is  prepared  in  enormous  quan- 
tities for  manufacturing  purposes ;  but  for  the  preparation  of  "  chloride  of 
lime,"  the  first  described  mettiod  is  followed,  owing  to  the  £ict  that  the  hy* 


*  The  foDowing  memonnda  reflpectiiig  the  preparelioa  of  chlorine  are  worthy  of  atten- 
tion. The  prooefHi  ahould  always  be  conducted  in  a  woU-ventUated  apartment,  altogether 
free  from  valuable  furniture,  and  especiallj  from  colored  curtains,  paper-hanginga,  etc.— 
the  action  of  the  gas  being  moat  destructiveof  the  color  and  texture  of  organic  compounds. 

Before  applying  heat  to  the  generadng  flaslt,  the  operator  should  obserre  whether  the 
iaterior  of  the  i^Uaa  has  become  thoroughly  wetted  by  the  add,  or  whether  a  dry  spot 
■till  renudas.  If  the  latter  is  the  ease,  all  heat  should  be  withheld  until  the  mass  by  i^- 
takion  has  become  thoroughly  incorporated,  and  the  dry  spot  disappears.  If  this  precau- 
tion is  neglected,  a  fracture  of  the  retort  will  probably  take  place  on  the  application  of 
heat  Host  authorities  recommend  the  collection  of  chlorine  orer  warm  water,  inasmuch 
as  cold  water  absorbs  a  considerable  amount  of  the  gaa.  This  plan  is  attended  with  tiie 
serious  disadvantage  of  causing  chlorine  to  enter  the  bottle  hot,  and  for  that  reason  rare- 
fled;  so  that  when  it  cools  and  contracts,  the  stoppers  of  the  bottles  are  found  not  unfire- 
quently  to  be  permanently  fixed.  Gold  water  should  be  employed,  and  except  it  be  agi- 
tated whilst  the  gas  is  passing  through  it,  so  little  of  the  chlorine  is  absorbed  that  the 
amount  of  loss  is  too  small  to  be  of  consequence. — Fasadat. 

Every  care  should  be  taken  in  bottling  up  ddorine  for  presenratlon,  to  exclude  water  as 
much  as  possible,  inasmuch  as  under  the  agency  of  light,  water  and  chlorine  react,  form- 
ing hydrochlorte  acid,  which  is  so  Tiolently  absorbed  by  water,  that  the  stoppers  of  the 
chlorine  botttes  become  often  irremediably  fixed,  owing  to  external  pressure. — Ibid. 

If  the  operator  during  the  preparation  of  chlorine  should  inadvertently  inh^e  a  dis- 
agreeable quantity  of  the  gas,  the  most  effectual  relief  will  be  obtained  fh>m  an  immediate 
application  of  ammonia  (smelling-salts)  to  the  nostrils,  or  f^om  inhaling  the  vapor  of  al> 
oohol  or  ether. 

• 

QunnoNB.— What  precautions  are  to  be  observed  in  its  preparation?  What  is  tiie 
chemical  action  involved  in  this  process  f  By  what  other  prooess  may  idiloriBe  be  pre- 
pared ?    For  what  practical  purposes  are  these  two  proeeiaes  applied  f 
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« 

drocbloric  acid  used  is  obtained  as  a  waste  product  in  the  manufacture  of 
carbonate  of  soda  (soda-adi)  from  sea-aaltk 

351.  Properties  . — Chlorine  is  a  dense,  heary  gas,  of  a  greenish-yel- 
low color.  It  is  characterized  by  a  peculiar  suffocating  odor,  almost  intoler- 
able to  most  persons  even  when  greatly  diluted  with  air,  and  occasioning  a 
distressing  irritation  of  the  air-passages  of  the  throat,  attended  with  cough- 
ing. Any  attempt  to  re^Hre  the  gas  in  a  pure  form  would  probably  be  &ta], 
but  when  largely  diluted  with  air,  it  is  breathed  without  inconyenience  by 
workmen  in  manufacturing  establishments,  and  it  has  also  been  adopted  as 
a.  remedial  agent  in  this  condition  with  benefit  for  pulmonary  diseases.  It 
should  not,  however,  be  used  for  this  latter  purpose  without  the  sanction  of 
a  medical  authority. 

Chlorine  is  one  of  the  heaviest  of  the  gases,  its  spedflc  gravity  being  2*4t 
(air «—  1).  Under  a  pressure  of  4  atmospheres,  at  60°  F.,  it  condenses  to  a 
yellow  liquid,  of  specific  gravity  1*33,  which  remains  unfrozen  even  at  a  cold 
of— 220OF. 

Cold  water  absorbs  about  twice  its  bulk  of  chlorine  gas.  This  solution, 
which  is  readily  formed  by  agitating  the  gas  and  the  water  together,  ac- 
quires the  color,  odor,  and  other  properties  of  dilorine,  and  is  much  used  for 
experimental  and  manufacturing  purposes  in  preference  to  the  pure  gas.  As 
it  is  slowly  decomposed  by  the  action  of  light,  it  should  be  preserved  in 
bottles  covered  with  paper,  or  in  a  dark  place. 

With  water  near  its  freezing  point  chlorine  combines  to  form  a  definite 
hydrate,  whidi  contains  10  equivalents  of  water  (Clrf-IOHO) ;  this  at  a  tem- 
perature of  32°  F.  freezes  and  forms  beautiful  yellow 
crystals.     If  these  crystals  be  hermetically  enclosed  Fi6.  114. 

in  a  glass  tube  (see  Fig.  114X  they  will,  when  ex- 
pkeed  to  a  gentle  heat,  liberate  free  chlorine  *  this 
prevented  from  expanding,  presses  upon  itself  to 
such  an  extent  that  a  portion  of  the  gas  liquefies, 

and  may  then  be  seen  in.  the  tube,  floating  upon  the  water  which  is 
present.  This  process  furnishes  the  most  ready  way  of  obtaining  liquid 
chlorine. 

352.  Chlorine  is  a  supporter  of  combustion,  but  its  effects  are  strikingly 
different  fi*om  those  manifested  by  oxygen.  It  does  not  combine  directly  ftrith 
either  oxygen  or  carbon,  but  has  a  most  powerful  affinity  for  hydrogen  and 
the  metals.  '  Therefore,  bodies  rich  in  oxygen  and  carbon,  either  bum  indif- 
ferently in  chlorine  or  not  at  all,  as  in  the  case  of  charcoal ;  but  on  the  con- 
trary, bodies  rich  in  hydrogen,  together  with  many  of  the  metals,  bum  in  it 
with  great  brilliancy.  The  following  experiments  are  illustrative  of  these 
facts: 


QcKsnoirs. — ^What  are  tbe  general  properties  of  chlorine  f  Is  it  at  all  respirable  f 
Wliatiathe  density  of  chlorine  r  Can  it  be  Uqaefiedf  What  is  a  solution  of  chlorine? 
What  are  its  properties  t  MThat  combination  does  chlorine  form  with  water  ?  How  may 
liquid  chlorine  be  prepared?    What  are  the  relations  of  chlorine  to  combustion  ? 
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A  piece  of  flaming  charooal  plunged  into  a  yessel  of  chlorine  is  eztingmfihed 
as  instantly  and  as  completely  as  if  plunged  into  a  yesael  of  water. 

Wax  and  tallow  are  compounds  of  carbon  and  hydrogen.  If  a  lifted 
taper  be  immersed  in  a  jar  of  chlorine,  its  flame  is  extinguished ;  but  ^ 
column  of  oily  vapor  rising  from  the  wick  is  rekindled  by  the  chlorine ;  the 
hydrogen  part  of  the  combustible  burning  with  a  dull  reddish  flame,  wfailo 
the  carbon  is  separated  in  the  form  of  a  dense  blade  smoke. 

Another  experiment  illustrates  the  same  action  in  a  more  remarkable  man* 


FiQ.  116. 


ner.  Oil  of  turpentine  is  a  liquid  exceedingly  rich  in  hy- 
drogen, and  also  in  carbon.  If  a  pieoe  of  paper  soaked  in 
it  be  fastened  to  the  end  of  a  rod  and  plunged  into  a  jar  of 
chlorine  (see  Fig  115),  the  chlorine  unites  with  the  hydro> 
gen  so  readily  as  to  instantly  produce  spontaneous  ccxnbus- 
tion,  while  the  carbon  is  separated  and  deposited  as  an 
abundant  soot 

If  a  bit  of  ignited  phosphorus  be  immersed  In  a  jar  <^ 
chlorine,  as  is  represented  in  fig.  116,  the  combustion  con- 
tinues, but  the  light  evolyed  is  hardly  perceptible.  If  a 
piece  of  phosphorus  be  plunged  into  chlorine  without  ig- 
nition, it  inflames  spontaneously — a  result  which  does  not 
take  place  in  oxygen.  The  teeble  light  which  accompanies 
the  combustion  of  phosphorus  in  chlorine,  therefore,  can  not 
be  explained  by  reason  of  any  lack  of  affinity  pi^,  hq, 

between  these  two  substances,  but  it  is  due  to 
the  fact  that  the  immediate  products  of  the  com- 
bustion are  vaporous  or  gaseous,  and  are  not 
rendered  luminous  by  heating.  (See  Combustion.) 
Antimony  and  many  other  metals  finely  pow- 
dered, and  projected  into  a  vessel  of  chlorine,  take 
fire  and  produce  a  brilliant  combustion.  Thin 
sheets  of  copper  leeS,  attached  to  a  copper  wire, 
and  dipped  into  chlorine,  exhibit  the  same  phe- 
nomenon. 

353.  The  intense  affinity  which  chlorine  mani- 
fests for  hydrogen  is  one  of  the  most  remarkable 
characteristics  of  this  element,  and  is  the  property,  above  all  others,  which 
gives  to  chlorine  its  great  value  as  an  industrial  agent  This  affinity  is,  how- 
ever, regulated,  or  rather  called  forth,  by  a  most  singular  action  of  light 
Thus,  when  chlorine  and  hydrogen,  in  the  gaseous  condition,  are  mixed  to- 
gether in  equal  volumes,  they  will  remain  for  an  indefinite  period  without 
action  upon  each  other,  if  kept  in  the  dark.  If  the  mixture  be  exposed  to 
dififhsed  daylight,  combination  will  take  place  gradually ;  but  if  the  two  gases 


Qvnnova.— What  experiments  UlaBtrate  ita  action  in  this  respeet  f  Why  does  phof- 
piiorns  bum  in  chlorine  with  a  feeble  light?  What  are  the  rdationa  of  ehlorine  to  hy* 
drogen  t    What  influence  does  light  exert  upon  a  mixture  of  theee  two  elements  ? 
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are  brooght  into  direct  sunlight,  the  tmion  takes  place  instantly,  accompanied 
with  a  powerful  explosion.* 

The  following  experiment  is  illustrative:  Select  a  clear  glass  bottle  (holding 
about  a  pint),  and  fill  ii  over  a  pneumatic  troagh,  to  the  extent  of  half  its 
capacity,  with  chlorine  gas;  then  carefully  cover  the  bottle  with  a  dark  doth, 
and  add  hydrogen  from  a  gasometer  sufficient  to  occupy  the  remaining  space, 
or  until  all  the  water  in  the  bottle  is  displaced ;  cork  the  bottle,  keeping  its 
mouth  under  water,  and  remove  it  from  the  trough  carefully  and  entirely  en- 
veloped in  the  doth.  Then  place  the  bottle  in  the  direct  light  of  the  sun,  and 
fifom  a  distance  remove  the  doth  by  means  of  a  string  or  a  long  pole.  If  the 
preliminary  conditions  have  been  strictly  complied  with,  the  instant  the  rays 
of  light  fall  upon  the  mixture  a  violent  explosion  will  occur. 

When  dilorine  in  a  free  state,  or  in  feeble' combination  with  some  other 
Bttbst^moe,  is  brought  in  contact  with  a  body  which  contains  hydrogen  as  one 
of  its  constituent  elements,  it  manifests  the  same  affinity  for  this  element ;  and 
tends  to  **  draw  out,''  as  ft  were,  the  hydrogen  from  its  combination,  and  by 
uniting  with  it,  to  change  or  destroy  the  original  compound.  In  this  instance, 
alaoi,  light  exercises  a  controlling  influence. 

For  example :  If  a  fiolution  of  chlorine  in  water  (§  351)  be  kept  in  the 
dark,  no  change  takes  place  in  it ;  but  when  exposed  to  the  action  of  sun- 
light, it  decomposes  readily.  This  result  is  produced  by  the  following  reac- 
tion : — the  chlorine  contained  in  the  solution,  by  reason  oP  its  intense  affinity 
for  hydrogen,  withdraws  this  element  from  its  combination  with  oxygen  in 
the  water,  and  uniting  with  it,  forms  an  acid ;  the  oxygon  of  the  decomposed 
water,  being  no  longer  held  in  combination,  escapes  as  a  gas. 

354.  Theory  of  Bleach  in  g — It  is  this  action  of  chlorine  upon  hy* 
drogen  which  renders  chlorine  the  most  powerful  of  all  known  bleaching  and 
deodorizing  agents.  Nearly  all  animal  and  vegetable  coloring  matters  contain 
hydrogen  as  one  of  their  essential  constituents.  When  brought  in  contact 
with  chlorine,  the  hydrogen  they  contain  unites  with  it,  and  the  original  ar- 
rangement of  particles,  upon  which  the  color  of  the  body  depended,  being 
thus  changed  or  broken  up,  the  color  itself  is  destroyed.  Ozone,  which  is  also' 
a  powerful  bleaching  agent,  acts  in  a  similar  manner ;  the  oxygen  of  which 
it  consists,  by  reason  of  its  highly  active  condition,  withdraws  hydrogen  from 
its  combination,  unites  with  it  to  form  water,  and  thus  destroys  the  arrange- 
ment upon  which  the  color  depends.    By  withdrawing  a  single  pillar  of  sup- 

*  It  has  also  been  Bhown  by  Dr.  Dnii>er,  that  pare  and  diy  chlorine  gas,  when  exposed 
for  a  time  to  the  aetion  of  the  sun^a  light,  acquires  and  retains,  for  a  considerable  period, 
the  power  of  forming  an  ezplodve  union  with  hydrogen,  eren  in  the  dark ;  while,  on  the 
other  hand,  ehlorlne  prepared  in  the  dark  manifests  no  affinity  for  hydrogen  until  exposed 
to  the  light.  This  peculiar  aetion  of  light  is  entirely  confined  to  the  chemical  element  of 
the  B<^r  ray. 

I  *  ** 

QvEsnoNS. — ^What  experiment  niustrates  this  f  What  are  the  relations  which  chlorine 
•nstaios  to  hydrogen  in  combination  ?  Illustrate  by  example.  What  is  the  theory  of  bleach- 
i  V  by  chlorine  f  By  oaona  ?  What  is  said  of  Uie  permanency  of  the  bleaching  effect  of 
of  these  agvnta  ? 
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port,  the  whole  atracture  iUla.  Colors  onoe  removed  by  the  action  of  chlorino 
or  OBone  can  never  be  restored ;  and  in  this  respect  these  two  substances  di^ 
fer  ftom  most  other  bleaching  agenta 

The  bleaching  action  of  chlorine  may  be  illustrated  by  a  variety  of  experi- 
ments.   For  this  purpose  a  solution  of  chlorine  in  water  may  be  most  con- 
veniently used.    If  we  pour  a  little  of  this  solution  upon  red  ink,  red  wine^ 
the  blue  tincture  of  red  cabbage,  of  litmus,  on  indigo  solution,  or  on  ordinary 
writing  ink,  their  several  colors  almost  immediately  disappear.     Paper,  col- 
ored rags,  and  all  varieties  of  cotton  or  linen  fikbrics  immersed  in  n  solution  of 
chlorine,  are  bleached  with  great  rapidity.    The  moist  gas  produces  the  same 
effect,  but  perfectly  dry  chlorine  will  not  bleach.    Fibres  of  wool  are  not 
bleached  by  the  action  of  chlorine,  neitli^r  is  it  usually  employed  for  tiie 
bleaching  (^  silk.    It  has  no  action  upon  **  India,*'  or  printers'  inks,  for  the 
reason  that  the  coloring  matter  in  these  cases  consists  of  minutely-divided 
carbon,  which  does  not  combine  directly  with  chlorine.*    By  contact  with 
chlorine  for  any  considerable  length  of  time,  the  texture  of  almost  all  organic 
substances  is  weakened  and  destroyed.    This  may  be  especially  noticed  in 
cases  where  cotton  or  linen  &brics  have  been  wet  with  a  chlorine  soluticm, 
and  then  allowed  to  diy,  without  previous  thorough  washing. 

355.  Disinfecting  and  Deodoriiing  Aetion  of  Chlorine^ 
— Chlorine  acts  upon  nonpus  and  odorous  vapors  and  organic  compounds  to 
decompose  and  destroy  them,  in  the  same  way  as  it  does  upon  coloring  agenta^ 
It  differs  essentially  in  its  action  from  many  substances  used  in  Aimigation, 
such  as  burnt  pftper,  vinegar,  pastiles,  perfumes^  and  the  like,  inasmuch  as^ 
while  the  latter  only  disguise  the  ill  odors,  or  mephitio  atmosphere^  by  substi- 
tuting one  smell  for  another,  the  chlorine  absolutely  destroys  the  noxious 
matter  itsolf. 

The  use  of  chlorine  as  a  disinfectant,  however,  requires  care.  It  should  bo 
used  in  the  form  of  bleaching>powder  ('*  chloride  of  lime"),  mixed  with  water, 
and  exposed  to  the  air,  in  shallow  vessels,  if  possible  upon  a  high  shel£  This 
compound  is  gradually  decomposed  by  the  carbonic  acid  of  the  atmosphere^ 
and  the  chlorine  being  evolved  fidls  slowly  down,  and  is  diflbsed  through  the 

*  A  reiy  elegant  application  of  chlorine  to  bleaching  parpoMS  la  made  in  the  printing 
of  handamia  bandkerehiefk.  The  white  >pota,  which  conatitnte  their  peenllarity,  are 
tfans  prodneed ;  First  of  all,  the  whole  fabric  is  dyed  of  one  nnifbrm  tint,  and  dried. 
Afterward  many  layera  of  these  handkerchiefs  are  preaied  together  betwe«D  lead  idatec, 
perforated  with  holes  conformable  to  the  pattern  which  is  desired  to  appear.  Chlorine 
solution  is  now  poured  upon  the  upper  plate,  and  finds  access  to  the  interior  throngta  the 
perforations.  Bj  reason  of  the  great  pressure  upon  the  mass,  the  solution  ean  not,  how-' 
erer,  extend  laterally  further  than  the  limits  of  the  aportures,  whence  it  follows  ttiat  the 
bleaching  agent  is  localised  to  the  desired  extent,  and  figures  correqpondiag  In  shape  and 
slae  to  the  perforations  are  bleached  white  upon  a  dark  ground.— Fasa.dat. 

QunraioirB.— How  may  the  bleaching  action  of  chlorine  be  illustrated?  What  are  ex- 
eeptions  to  its  action  ?  What  effect  does  continued  contact  with  chlorine  have  upon 
organic  substances  f  What  is  the  diriofecting  and  deodorizing  action  of  chlorine  ?  How 
does  chlorine  differ  in  its  action  from  many  fumigating  agenta ?  How  should  chlorine  be 
allied  for  dislnfeotion  and'doodorisingf 
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room.  If  a  more  rapid  action  is  required,  a  little  dilute  sulphuric  or  Igrdro- 
chloric  acid  maj  beallov^'ed  to  drop  into  tho  chloride  of  lime  solution  from  a 
vessel  suspended  above  it,  by  means  of  a  piece  of  lamp-wick  arranged  in  the 
form  of  a  syphon.  Another  method  is  to  suspend  in  the  apartment,  doths 
steeped  in  a  solution  of  blcaching-povvder ;  aod  in  the  absence  of  bleaching- 
powder,  the  gas  may  be  easily  generated  by  one  of  the  methods  already  de* 
described— care  being  taken  to  avoid  excess.* 

356.  Compounds  of  Chlorin e. — Chlorine  combmes  with  all  the 
non-metallic  elements,  with  perhaps  a  single  oxcoption.  With  many  of  them, 
however,  it  can  not  bo  mado  to  unite  directly.  It  enters  into  combination 
with  all  the  metals ;  and  with  a  large  number  of  them  directly,  with  an  evo- 
lution of  light  and  heat  Tho  binary  compounds  of  chlorine  are  termed 
chlorides.  With  the  exception  of  the  chlorides  of  silver  and  lead,  and  the  sub- 
chlorides  of  copper  and  mercury,  they  are  all  more  or  less  soluble  in  water, 
and  in  their  tastb  and  general  physical  character,  resemble  common  salt 

It  frequently  happens  that  chlorine  combines  with  the  same  metal  in  more 
proportions  than  one :  for  example,  with  iron,  a  protochlorido  (Fe  CI)  and  a 
scsquicliloride  (Fe^CIs)  may  be  formed;  and  with  platinum  a  protochlorido 
(?t  CI)  and  a  bichloride  (Pt  CI9) ;  and,  generally,  for  each  oxyd  of  the  metal 
tliat  is  capable  of  uniting  with  acids  to  form  salts,  a  corresponding  chloride 
exists. 

Kost  of  the  chlorides  of  the  metals  are  solid ;  but  some  few  are  liquid  at 
ordinary  temperatures ;  and  one,  the  perchloride  of  manganese  (Mm  Gl^)  is 
gaseous.  All  of  them  are  fusible  at  a  moderate  temperature,  and  many 
are  readily  volatilized  in  the  operation ;  especially  is  this  true  of  the  chlor- 
ides of  gold,  copper,  aluminum,  magnesium,  and  several  others.  Geol- 
oj^ists  have  taken  advantage  of  this  fact,  in  some  instances,  to  explain  tho 
formation  of  mineral,  or  metallic  veins  in  the  rocky  strata  composing  the  crust 

*  "  It  mnit  be  partiealarly  borne  in  mind,  tbat  chlorine  in  any  form  must  only  be  Qsod 
fts  an  aid  to  proi>er  ventilation.  It  is  a  necessary  condition  of  health  tliat  oar  honses  and 
rooms  be  properly  ventilated.  There  is  no  substitute  for  ventilation  wny  more  than  for 
vashiag  or  for  general  cleanliness.  Chlorine,  like  medieinef  ought  in  general  to  be  used 
on  spedal  occasions,  and  under  advice.  In  a  sick-room,  where  ventilation  is  often  diffi- 
cult, chlorine,  liberated  in  very  minute  quantities,  will  often  be  found  singularly  refresh- 
iog;  but  in  this,  as  in  all  other  cases  of  fumigation  with  chlorine,  all  metallic  articles  i  1 
the  apartment  ought  to  be  removed,  for  these  become  speedily  tarnished  by  the  action  of 

chlorine. 

**  For  didnfecting  the  wards  of  hospitals  and  dmilar  places,  Prof.  Faraday  found  that 
a  mixture  of  1  part  of  common  salt,  and  1  part  of  the  biaoxyd  of  manganese,  when  acted 
upon  by  8  parts  of  oil  of  vitriol  previously  mixed  with  1  part  of  water  (all  by  weight),  an<l 
left  till  cold,  produced  the  best  results.  Such  a  mixture  ai  60*  F.,  in  shallow  pans  of 
•artbeo  ware,  liberated  its  chlorine  gradually  but  perfectly  in  four  days.  The  salt  and 
the  manganese  were  well  mixed  and  used  in  charges  of  3^  pounds  of  tin  mixture.  The 
add  and  water  were  mixed  in  a  wooden  tub,  the  water  being  put  in  first  and  then  about 
half  the  acid ;  after  cooling  the  other  half  was  added.  The  proportions  of  water  and  acid 
are  9  measures  of  the  former  to  10  of  the  latter." 


QussnoNft. — ^What  is  said  of  the  compounds  of  chlorine  ?    What  are  the  compounds 
of  chlorine  termed  ?    What  are  the  general  properties  of  the  chlorides  f 
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of  our  glob?.  It  is  sapposed  that  the  metals,  in  the  form  of  chlorides,  have 
been  sublimed  or  volat  Jized  by  intense  heat  iix>m  the  interior  of  the  earth,  and 
rising  through  c^nings  and  fissures  in  the  rocks,  have  been  deposited,  as  they 
cooled,  in  the  situations  in  which  they  are  now  found. 

Formerly,  before  the  constitution  of  chlorine  wa^  iuUy  imderstood,  its  com- 
pounds with  the  metals  were  termed  muriates.  The  names,  muriate  of  tin, 
muriate  of  soda,  muriate  of  iron,  have  therefore  the  same  signification  as 
rliloride  of  tin,  chloride  of  soda,  chloride  of  iron,  eta 

357.  Hydrochloric  Acid,  HCl.  —  CliloroJiydric  Acid; 
Chloride  of  Hydrogen;  Muriatic  Acid. — This  substance, 
formed  by  the  union  of  chlorine  and  hydrogen,  is  the  most 
important  of  all  the  compounds  which  chlorine  forms  with 
the  non-metallic  elements. 

It  was  first  obtained  by  Priestley  in  its  pure  form  of  a  gas,  in  17*72 ;  and  in 
ti  state  of  solution  in  water,  it  has  long  been  known  under  the  names  of  muri- 
utio  acid,  and  spirit  of  salt  In  the  latter  condition  it  constitutes  a  strung, 
corrosive  add  liquid. 

358.  Preparatio  Di — ^When  chlorine  and  hydrogen  are  mixed  together 
in  the  proportion  of  equal  volumes,  and  a  chemical  combinatfon  is  effected 
between  tliem,  they  unite,  without  condensation,  to  form  hydrochloric  acid 
gas.  This  union  may  be  brought  about  by  the  action  of  light,  in  the  mann:r 
before  described  (§  353),  by  the  application  of  an  ignited  match,  or  by  tlie 
passage  of  the  electric  spark — ^tho  combination  in  the  latter  instances  being 
always  attended  with  an  explosion. 

For  experimental  purposes,  hydrochloric 
acid  gas  may  be  procured  by  heating  in  a 
glass  flask,  furnished  with  a  perforated  cork 
and  tube,  a  quantity  of  strong  commercial 
muriatic  acid.  The  gas  is  readily  given  off 
by  the  application  of  a  gentle  heat,  and  may 
be  collected  by  displacement  of  air  in  diy 
vessels.    (See  Fig.  117.) 

For  most  practical  purposes,  hydrochloric 
acid  is  obtained  by  action  of  sulphuric  acid 
upon  common  salt  When  the  process  ia 
condacted  on  a  small  scale,  and  in  a  glass  retort,  or  an  apparatus  similar  to 
that  represented  in  Fig.  117,  3  parts  of  common  salt,  5  of  strong  sulphuric 
acid,  and  5  of  water  may  be  taken.  The  reaction  in  this  case  is  as  follows : 
common  salt  is  composed  of  chlorine  and  sodium ;  when  mixed  with  sulphuric 
acid  and  water,  the  water  is  decomposed ;  its  hydrogen  uniting  witii  the 
chlorine  of  the  common  salt  to  form  hydrochloric  acid,  and  its  oxygen  with 


Fig.  117. 


QuBttTioi«B.9-What  theory  has  been  proposed  to  acoonnt  for  the  origin  of  mineral  reins? 
What  are  muriates  f  What  is  hydrochloric  add  f  How  may  it  be  prepared  ?  Hov  is  U 
prei»ared  for  practical  purposes? 
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tho  sodium  to  form  soda,  which  last  unites  with  the  sulphuric  acid  to  form 
sulphate  of  soda.    Expressed  in  symbols,  we  have — 

Common  ult.    Sulph.  acid.       W«t«r.         Solpbata  of  smU.    Hydroelilorie  add. 

NaCl    +    SO,    +   HO  —  NaO,SO,    +    HCl 

359.  Properties . — ^Hydrochloric  acid  is  a  colorless  acid  gas,  of  a  pe- 
culiar pimgent  odor,  produciiig  white  fumes  when  allowed  to  escape,  by 
uniting  with  and  condensing  the  moisture  of  the  atmosphere.  It  is  quite  un- 
rospirable,  but  is  much  less  nauseous  and  suffocating  than  chlorine.  It  pro- 
duces coughing  when  breathed  in  even  the  most  dilute  condition.  It  is  hoayier 
than  air,  and  has  a  specific  gravity  of  1*24  Under  a  pressure  of  40  atmos- 
pheres at  50^  F.,  it  condenses  to  a  colorless  liquid,  which  has  never  been 
frozen.  It  is  incombustible,  extinguishes  burning  bodies  and  when  brought 
in  contact  with  dry  and  blue  litmus  paper  reddens  it. 

Hydrochloric  acid  gas  is  especially  characterized  by  a  most  intense  attrac- 
tion for  water,  which  liquid  at  a. temperature  of  40^  F.  is  capable  of  absorbing 
about  480  times  its  bulk  of  gas — ^increasing  in  volume  thereby  about  one 
third,  and  acquiring  a  specific  gravity  of  1*21.  Water  of  a  higher  temperature 
absorbs  less.  A  piece  of  ice  passed  into  a  jar  of  hydrochloric  acid  gas  stand- 
ing over  mercury  is  instantly  liquefied  by  it ;  and  the  gas  at  the  same  mo- 
ment disappearing  by  absorption,  the  mercury  rises  to  fill  the  jar.  By  reason 
of  its  great  solubility  in  water,  it  can  only  be  collected  over  mercury,  or  by 
the  displacement  of  air. 

360.  Solution  of  Ilydrocbloric  Acid,  which  conBtitntes 
the  liquid  acid,  or  the  muriatic  acid  of  commerce,  is  pre- 
pared by  generating  the  gas  from  a  mixture  of  salt  and 
dilute  sulphuric  acid,  and  allowing  it  to  pass  through  and 
become  absorbed  by  water. 

The  gas  is  conducted  from  the  retort  or  generating  vessel  into  a  series  of 
bottles  or  jars  connected  with  each  other  and  filled  with  water.  When  the 
water  in  the  first  vessel  becomes  saturated  with  hydrochloric  acid,  the  gas 
passes  over  into  the  second,  thence  into  the  third,  and  so  on,  saturating  each 
successively.  Several  contingendes,  however,  must  be  provided  for  in  this 
operation ;  the  evolution  of  gas  may  take  place  so  rapidly  as  to  rupture  the 
receivers,  or  the  gas  delivered  slowly  may  be  absorbed  so  completely  by  the 
water  as  to  produce  a  vacuum ;  in  which  case  the  whole  liquid  contents  of 
the  receivers  flow  back  violently  into  the  retort,  and  thus  put  an  end  to  the 
process. 


QuKsnoKS. — ^Explain  ihe  eUemieal  readdon  In  this  case?  What  are  the  properties  of 
bydrodilorle  add  gaa  ?  What  la  said  of  its  attractioii  for  water  ?  What  ia  the  mnrlatlo 
aeidofooinmtfoer  Hov  ia  it  prepared  f  WlMtpreei^i|t)oqiar«t(|lwolNMrTediait"pT«^ 
parationf 
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Vtnltt'n  Appftratai. — To  obviate  theee  dilSculticg,  a  serins  at 
peculiar  shaped  voasela,  known  as  "  Woulfii'a  bolt!ea,"  are  employed.  These 
coneuBt  uT  glass  Jara,  or  bottles,  provided  wich  three  nocks,  or  apertures,  (see 
fig.  US),  each  of  which  is  fitted  with  a  perTonited  cork  aod  tube.  ThemsD- 
ner  'u  which  the  gaa  enten  aod  U  diacJiarged  from  the  veeael  will  be  readily 
understood  by  an  imipcctioii  of  the  figure.  The  middle  aperture  is  fltt«d  with 
a  ripple  upri^t  tube,  csHed  the  "  Bafety  tube,"  which  dipa  beneath  the  but- 
fiwB  it  the  liquid  atrntained  in  the  veneL  If  the  preaaure  of  gas  becomea 
Fio.  118. 


excessive,  the  water  ts  (breed  up  the  center  tube,  and  the  preraare  la  relieved. 
If  a  vacuum  is  created,  air  enters  from  without  to  fill  it  By  the  condensa- 
tion of  tlio  hydrochloric  acid  gas,  much  latent  heat  is  liberated,  and  tiie  water 
which  abaorba  it  soon  becomes  elevated  in  temperature ;  to  obtwn,  therefbie, 
the  most  coQcentrated  solution  of  gas.  It  is  necessaiy  that  the  receivera  should 
be  immersed  io  coM  water,  or  sorrouuded  with  ice.  Conoection  between  the 
sepnmte  Woulfe's  bottlea  ia  effected  by  means  of  a  flexible  tube  of  India- 
Hydrochloric  acid  soIutJoQ,  when  pare,  is  a  colorless  liquid,  fiuniiig,  when 
concentrated,  <«  exposure  to  tir.  The  commercial  "  muriatic"  acid  ia  gener- 
ally of  jellow,  or  straw  color,  owing  to  the  presence  of  iron  and  other  impii- 
rttisB.  It  oonatitutea  oue  of  the  three  great  adds  of  commerce,  and  is  extee- 
■Hvely  used  as  a  reagent  in  chemical  operations,  and  to  some  extent  in  medi- 
doe  as  a  tonic.  In  the  manufacture  of  "  Boda  ash"  (carixinale  of  aodaX  by 
the  decomposition  of  common  salt,  hydrochloric  acid  gas  ia  prepared  as  on 
Incidental  product  in  immense  quantities ;  and  in  some  of  the  great  mann- 
CictuiiDg  establishmenta  of  Great  Britain  it  ia  regaided  as  a  waste  product 
Ibe  diq)osal  of  wbiob  Is  attended  with  difSoul^  and  expense.* 


■cape  lot. 
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Free  hydrochloric  acid,  derived  from  the  salt  contained  in  food,  is  found  in 
the  stomach,  as  a  constituent  of  the  gastric  juice.  Its  presence,  and  that  of 
the  soluble  chlorides  in  solution,  is  indicated  by  the  formation  of  a  white, 
curdy  precipitate,  when  nitrate  of  silver  in  solution  is  added  to  the  liquid. 
This  precipitate— -chloride  of  silver — \b  soluble  in  ammonia,  but  insoluble  in 
nitric  acid. 

361.  Aqua  Regia. — Nitro-Muriatic  Acid. — The  name  of 
aqua  regia  {royal  water)  was  given  by  the  alchemists  to  a 
mixture  of  nitric  with  hydrochloric  acid,  frorii  the  power 
that  it  possesses  of  dissolving  gold,  the  "  king  of  the 
metals.'' 

Gold  and  platinum  are  insoluble  in  either  add  separately ;  but  when  the 
two  acids  are  mixed,  they  mutually  decompose  each  other  in  tl^e  presence  of 
the  metala — free  chlorine,  and  a  compound  of  chlorine  and  an  oxyd  of  nitrogen 
being  liberated.  The  dilorine,  in  the  moment  of  its  extrication,  or  in  its 
nascent  state  (page  162),  acts  upon  the  metals  and  dissolves  them — the  pro* 
ducts  formed  being  chlorides. 

The  best  proportions  of  aqua  regia  are  one  of  nitric  acid  by  measure  to  two 
hydrochloria 

362.  Oxyds  of  Chlorine  -—Although  chlorine  and  oxygen  will  not, 
under  any  circumstances,  unite  directly,  several  compounds  of  these  elements 
may  be  obtained  by  indurect  methods.  The  composition  and  names  of  the 
most  important  are  indicated  in  the  following  table : — 

CompMitioD  by  weight. 
SyinboL  «  '  ' '  ^ 

Hypochlorons  acid CIO  85*5  ohiorine.    8  oxygen. 

Chlorous  acid ClOj  85-6  ♦*  24  »* 

Peroxyd  of  cMorine C104  86-5  "  82  »' 

Chloric  acid ClOs  865  »»  40  " 

Hn>erchloric  add Old  86-6  »*  68  " 

363.  Hypochlorons  Acid . — ^This  compound  may  be  produced  by 
the  action  of  chlorine  upon  red  oxyd  of  mercury.    It  is  a  yellow  gas,  readily 

vhieh,  -wafted  by  the  wind,  produce  a  corrooive  rain,  most  ruinous  to  the  regctation  of 
the  surrounding  oonnfcry.  Many  soda  works  in  Great  Britain  were,  therefore,  indicted  as 
nttisances  on  this  account,  and  attempts  were  made  to  remedy  the  evil  by  discharging  the 
fumes  at  great  elcTations,  where  it  was  supposed  they  would  become  so  diluted  by  admix- 
ture with  vapor  as  to  be  rendered  harmless.  To  carry  out  this  scheme,  the  most  gigantie 
chimnejrs  ever  built  were  constructed.  One  near  Liverpool  is  496  feet  high,  30  feet  in 
diameter  at  the  base,  11  feet  at  the  top,  and  contains  a  million  of  bricks.  Another  at 
Glasgow  is  still  la^er.  These  costly  structures  have  not,  however,  been  found  to  answer 
the  purpose  for  which  they  were  intended,  and  it  has  become  necessary  to  condense  the 
gas  as  fast  as  it  is  liberated  by  bringing  it  into  contact  with  cold  water.  But  even  this, 
taken  in  connection  with  the  disposal  of  the  great  quantity  of  liqul4  acid  formed,  is  a 
matter  of  great  difficulty,  and  many  arrangements  have  been  patented  to  effect  it. 

QuEsnoNa. — Does  it  exist  in  the  animal  economy?  What  is  a  test  of  its  presence? 
What  is  aqua  regia  1  Why  so  called  ?  How  is  it  enabled  to  dtesolva  gold  ?  What  is  nJ4 
of  the  oxyda  of  <^orine  ?    What  is  hypochloroas  add  } 
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absorbed  by  water,  and  oondensed  bj  the  application  of  cold  Into  an  orango- 
yellow  liquid. 

364.  Bleaching  CemponndB. — ^When  chlorine  gas  is  caused  t9 
pass  through  weak  sdutiona  of  the  allcalies,  or  over  hydrate  c^  lime  (slacked 
lime),  it  is  absorbed,  and  very  peculiar  compounds,  possessed  of  remarkable 
bleaching  properties,  are  produced.  It  is  in  this  way  that  the  bleaching 
agents  so  extensively  used  in  the  arts  under  the  names  of  chloride  of  lime 
(bleaching  powder)  chloride  of  soda^  and  chloride  of  potash,  together  with 
what  are  called."  disinfecting  fluids,"  are  prepared. 

These  compounds,  according  to  the  opinion  of  most  chemists,  are  formed 
by  the  union  of  hypochlorous  acid  with  an  oxyd  of  a  metal,  and  are  termed 
hypochlorties.  Thus  the  constitution  of  the  so-called  chloride  of  lime  would 
be  represented  in  symbols  as  foUows:  CaO,  010.  Other  authoritios  deny  the 
formation  of  hypochlorous  acid,  and  regard  the  compounds  in  question  as 
formed  by  the  direct  union  of  chlorine  with  an  oxyd.  According  to  this  latter 
view,  the  constitution  of  chloride  of  lime,  represented  in  symbols,  would  be  as 
follows:  GaO,  CI. 

3G5.  Chloride  of  Lime)  or  JBleaching-rewder^  is  the  most  important 
of  all  the  bleaching  compounds  of  chlorine,  and  is  used  in  immense  quantities 
&)T  the  bleaching  of  paper,  cotton,  and  linen  fabrics,  and  for  disinfecting  pur- 
poses. Its  manu&cture  is  almost  a  monopoly  with  Great  Britain,  and  no  at- 
tempt to  prepare  it  on  a  large  scale  in  this  country  has  ever  proved  success- 
ful.* The  process  consists  essentially  in  exposing  fresh  slacked  lime,  spread 
out  upon  shelves  in  large  leaden  or  stone  chambers,  to  the  action  of  gaseous 
chlorine— the  operation  being  continued  until  the  lime  has  absorbed,  or  united 
with  the  lai^st  possible  amount  of  the  gas.  It  is  then  withdrawn,  and  made 
ready  for  transportation  by  enclosure  in  tight  caska  As  thus  prepared,  it  is 
a  soft  white  powder,  partially  soluble  in  water,  and  possessing  a  chlorinc^like 
odor.  When  exposed  to  the  air  it  is  readily  decomposed,  carbonic  acid  being 
absorbed,  and  chlorine  liberated. 

Ordinary  bleaching^powders  contain  about  30  per  cent,  of  available  chlo- 
rine. The  testing  of  their  commercial  value  is  termed  chlorimetry,  and  the 
method  adopted  generally  consists  in  ascertaining  by  experiment  how  many 
grains  of  a  particular  sample  are  required  to  destroy  the  color  of  a  known 
weight  of  indigo  in  solution.  The  result,  compared  with  the  results  of  certain 
standard  experiments,  gives  the  percentage. 


*  The  reason  why  fhe  manufacture  of  bleachii^-powder  has  not  been  introduced  into 
the  United  States,  if  due  donbUeaa  to  the  fact,  that  it  can  only  be  eeonomicaUy  conducted 
in  connection  with  the  manufacture  of  soda-ash,  wliich  process  furnishes  hydroehl  rie 
acid,  from  whence  chlorine  is  procured,  at  a  mere  nominal  cost ;  and  to  carry  on  boUi 
operations  advantageously  requires  the  employment  of  great  capital  and  skiU. 


QuxSTioirs. — How  are  the  ordinary  bleaching  compounds  and  "dirinfeeting  flnidiT* 
formed  i  What  is  said  of  the  composition  of  these  compounds  ?  What  is  said  of  ehloride 
of  lime  ?    How  is  it  prepared  f    What  is  chlorlmetry  ?    How  is  it  conducted  f 
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What  is  called  "  Labarraque^s-  disinfecting  liquid,"  is  a  solution  of  a  com- 
pound of  chlorine  and  soda^  similar  in  composition  to  bleaching-powder. 
**  Burnet's  disinfecting  fluid"  is  a  compound  of  chlorine  and  zinc 

366.  Chloric  Acid)  GIO5. — ^This  compound  is  not  known  in  an  iso- 
lated state,  and  is  never  obtained  except  in  combination  with  water  (CIO* 
IIO).  When  a  stream  of  chlorine  gas  is  transmitted  through  a  strong  solu- 
tion of  caustic  potash,  the  gas  is  absorbed,  and  a  bleaching  solution,  as  before 
described,  is  formed.  This,  by  standing,  or  by  the  application  of  hf  at,  loses 
its  bleaching  property,  and  becomes  a  mixture  of  chloride  of  potassium  and 
chlorate  of  potash ;  the  latter  of  which,  being  the  least  soluble,  separates  on 
concentrating  the  liquid,  into  shining  tabular  crystals.  In  this  reaction,  a  part 
of  tiie  potash  is  decomposed ;  its  oxygen  combining  with  one  portion  of  chlor- 
ine to  form  chloric  add,  while  the  potassium  is  taken  up  by  a  second  portion 
of  the  same  substance;  or  in  symbols: — 

6  ci+G  KO— E:o,ao6+6  Ka 

Chlorates  of  other  bases  are  formed  in  a  similar  manner. 

367.  Proportie f^* — All  of  the  chlorates,  when  exposed  to  moderate 
heat,  undergo  decomposition,  and  liberate  pxygen  most  abundantly;  they 
are^  therefore,  generally  used  for  the  production  of  oxygen  (§  281).  When 
thrown  upon  ignited  charooal,  the  chlorates  deflagrate  with  scintillations,  and 
when  heated  with  substances  which  have  a  strong  attraction  for  oxygen,  such 
as  phosphorus  and  sulphur,  they  explode  violently  (§  285).  Mere  friction, 
also,  with  these  elements  is  sufficient  to  cause  a  detonation ;  for  example,  if  a 
half  a  grain  of  sulphur  be  triturated  in  a  mortar  with  two  or  three  grains  of 
chlorate  of  potash,  the  friction  is  attended  with  a  series  of  small  explosionsi 
A  mixture  of  chlorate  of  potash,  sulphur,  and  a  little  charooal,  was  formerly 
used  as  a  percussion  powder  for  gun-caps ;  but  its  action  upon  the  locks  was 
found  to  be  highly  corrosive. 

Paper  soaked  in  a  solution  of  a  chlorate,  bums  in  the  same  manner  as  touch- 
paper. 

An  attempt  was  made  by  the  French  government,  toward  the  dose  of  the 
last  century,  to  substitute  chlorate  of  potash  in  place  of  niter  (saltpeter)  in  the 
manufacture  of  gunpowder ;  but  the  fiability  to  accidental  explosion  was  so 
greatly  increased,  that  the  enterprise  was  speedily  abandoned.  It  is,  how- 
ever, still  used  to  a  very  great  extent  in  the  manu&cture  of  fire-works^  and 
especially  in  the  production  of  colored  fires. 

368.  Peroxyd  of  Chloric e^  CIO4.  Bypochloric  Acid. — This  sub* 
stance,  which  can  not  be  obtained  in  a  state  of  purity  without  great  danger, 
is  prepared  by  distilling  chlorate  of  potash  with  strong  sulphuric  acid.  It  is  a 
gas  of  a  yellow  color,  whidi  is  gradually  decomposed  by  the  influence  of  light, 
and  at  a  temperature  less  than  that  of  boiling  water,  its  elements  separate 

Questions. — ^Wbat  are  Labarraque^s  and  Burnetts  disinfecting  flaids  ?  What  is  said  of 
ehlorie  aeid  f  How  is  chlorate  of  potash  prepared  ?  What  are  the  properties  of  the 
ehlorates  ?  For  what  purposes  are  they  practically  employed  ?  What  is  said  of  peroxyd 
of  chlorine  ? 


Pis.  119. 
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with  a  moat  vitdent  exploaon.     Mere  contact  with  many  combuEtihIn  matten 
aiao  occasioD  bq  immediate  eiploeion. 

Some  of  tbe  properties  oT  this  Dogtilar  compoond  maf  be  ^sperimentaU^ 
illogtrated  witliout  danger.  If  a  tew  i^raina  of  loaf  mif^r  anl  ^.<orBte  oS  pot- 
ash be  aeparal«lj  pulverized,  and  miisd  ti^tber  in  oqtui  proporti(X<H,  wttb> 
out  fliction,  the  addition  of  a  ain^  drop  of  aalphurio  add,  let  hll  from  the 
end  of  a  glasa  rod,  will  produce  inBtaatoneous  and  brilliant  dellagratiDa.  Tbe 
chemical  roacdoa  whidi  occamonsthia  result  ia  aa  foUowa;  The  EDlpboric 
acid  decomposes  Uie  <!Uorate  of  potaafa,  and  liberates  perozyd  of  cblorine ; 
Itiis,  in  turn,  bj  contact  with  the  sugar,  ia  decompoaed,  and  evolves  beat  suf- 
Bciont  to  produce  oombustioD. 

Anothor  very  brilliant  experiment  consists  in  bringing  pboephoms  in  contact 

with  peiuxyd  ol  chlorine  under  water  at  tbe  very  instant  ol  its  dcvolopnieDt. 

A  licop  glasa  vessel  being  chosen  (a  conical  wios-glass  will  answer),  a  few 

small  pieces  of  phosphorus  are  ilrst  thrown  in,  and  the  glass  two  thirds  filled 

with  water.     Crystals  ot  chlorate  ot  potash,  about  equal  in  quantity  to  the 

phosphorus  employed,  ore  then  allowed  to  (all  through  the  water  and  settle 

upon  the  phosphorus.     All  that  now  remaius  to  bo 

dona  is  to  bring  aulphtiric  add  in  contact  with  the  two, 

which  is  easily  accomplished  by  means  of  a  dropping- 

tube,  or  small  glass  tube  and  funnel — the  extremity 

ot  either  ot  which  being  brought  in  contact  with  Uie 

mixture,  the  sulphuric  acid  is  cansed  to  touch  the 

solids,  i>^lJiout  mixLDg  with,  and  luSefiug  dilution  bjr, 

ithe  water.   (See  F^.  1 1 9.)   Peroxyd  ot  chlorine  bemg 

ra{Hdly  evolved,  tho  phosfdioruB  reacts  upon  it,  and 

flashes  of  a  beautiful  green  lij^t  under  water,  attended 

mth  a  cracklii^  noise,  are  produced. 

The  two  other  prindpal  compounds  of  chlorine  with 
oz^an,  dilorous  and  perchloric  add,  although  of  acientiSc  intereat,  are  of  no 
practical  importance. 

389.  Chlorlda  of  Rllrogo  n.— The  single  compound  which  chlorine 
is  knowa  to  form  with  nitrogen,  is  espedally  worthy  of  note  as  probably  the 
most  daogerous  of  all  chemical  combinations. 

When  a  bottle  of  chlorine,  perfectly  free  from  greasy  matter,  ia  inverted 
over  a  leaden  dish  cont^ning  a  solution  of  I  part  of  aol-ammoniac  (NHiCI)  in 
12  parts  of  water — the  mouth  of  the  tiottle  shghtly  dipping  beneath  the  But- 
bee — drops  ot  an  oilj-IooklDg  substance  will  gradually  form  upon  the  liquid 
and  &I1  t«the  bottomot  tho  dish, — chlorine  slowly  disappearing.  TbeSuid 
substance  thus  generated  is  diloride  of  nitrogen.  During  tbe  whole  opera- 
tion, the  bottle  muat  not  be  approached,  nnless  the  face  is  protected  by  a  wire- 
gauze  mask,  and  the  bands  by  thick  woollen  gloves.  The  toaden  dirii  con- 
tainiug  the  chloride  of  nitrogen,  may,  after  a  time,  however,  he  withdrawn 

Qtmnnm.— TloirmiiyllapropcrtlMbomBrtntod!  WlmHsBiJd  of  ohloridaofiiKf*. 
gen  I    Hov  lA  it  prepftted  t 
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from  under  the  bottle,  care  being  taken  to  avoid  all  agitation  and  contact  with 
the  glass. 

As  thus  prepared,  it  is  a  rolatilei  oily  liquid,  with  a  peculiar,  penetrating 
odor.  When  heated  to  about  200°  F.,  or  when  merely  touched  with  a  greasy 
substance,  with  phosphorus  or  an  alkali,  or  even  when  subjected  to  the  slight- 
est friction  or  jarring,  it  explodes  with  a  flash  of  light  and  a  violence  that  is 
difficult  to  conceive  oC  Glass  and  cast-iron  in  proximity  to  it,  are  shattered 
into  fragments,  and  a  single  drop  has  been  known  to  cause  a  perforation 
through  a  thick  plank.  A  leaden  vessel  yields  to  its  effects,  and  is  merely 
indented. 

The  chemical  constitution  of  this  body  is  not  certainly  known;  neither  are 
the  principles  involved  in  its  remarkable  reactions  at  all  understood.  Sim- 
ilar compounds  of  nitrogen  may  also  bo  formed  with  iodine^  bromine,  and  cy- 
anogen. 

370.  History  of  Bleachin  g.— The  past  history  and  present  condi- 
tioYi  of  the  great  industrial  art  of  bleaching  appropriately  connects  itself  with 
the  subject  of  chlorine.  Before  the  discovery  and  application  of  this  element, 
the  operation  of  bleaching  cotton  and  tinen  consisted  essentially  in  washing 
and  boiling  the  ikbrics  in  hot  water,  with  soap  and  alkalies,  and  subsequently 
exposing  them  for  a  lengthened  period  on  the  grass  to  the  action  of  light  and 
air.  These  operations  were  successively  repeated,  and  the  time  required  to 
render  a  piece  of  linen  white  and  suitable  for  market,  varied  from  four  to 
eight  months.  During  the  16th  and  17th  centuries,  the  Dutch  enjoyed  an 
almost  complete  monopoly  of  the  business,  and  almost  all  the  linen  goods 
manufactured  in  Europe  were  sent  to  Holland  to  be  bleached.  The  Dutch 
affixed  their  imprint  on  all  goods  bleached  by  them,  which  were  afterward 
known  as  '*  Hollands,"  a  term  applied  to  linens  even  at  the  present  day. 

This  method  of  bleaching  was  extremely  expensive,  not  only  on  account  of 
the  time  and  labor  required  in  the  operation,  but  also  from  the  great  extent 
of  grass- land  necessary  for  the  spreading  of  the  cloths.  Goods  thus  exposed 
out-of-doors  served  as  a  temptation  to  dishonest  persons,  and  the  old  statute 
laws  of  England  abound  in  severe  penalties  against  trespassers  upon  bleach- 
fields. 

The  decolorizing  action  observed  to  take  place  when  oi^ganlc  products  are 
exposed  to  the  action  of  light,  air,  and  moisture,  is  explained  on  the  same 
general  principles,  as  in  the  case  of  chlorine  (§  354) ;  viz.,  the  coloring  com- 
pound is  broken  up  by  the  abstraction  or  union  of  its  hydrogen  constituent 
with  the  x>xygen  of  the  au*,  or  with  the  oxygen  contained  in  dew  and  aqueous 
vapors,  it  being  a  foot  that  "  grass-bleaching"  is  most  rapid  at  those  seasons 
and  times  when  the  deposit  of  dew  is  most  copious  and.  abundant.  It  is  also 
probable  that  the  ozone  present  in  the  atmosphere  exerts  some  effect,  and 
the  chemical  action  of  light  is  known  to  be  essential,  inasmuch  as  the  bleach- 
ing will  not  take  place  in  the  dark. . 

QwrmiTK— What  are  ita  charaeteriBtIc  properties?    What  was  the  original  method 
of  bleaohing  ?    What  la  said  of  the  earlj  history  of  bleaching  ? 
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Odo  of  the  improTements  in  bleaching  introduced  by  the  Dutch  was  that  of 
"aouringi"  which  consisted  in  steeping  the  goods  for  a  considerable  Jength  of 
time  in  sour  milk;  but  about  the  year  1750,  very  dilute  sulphuric  add  was 
substituted  in  its  place.  This  simple  change  was  a  most  important  discoyery, 
inasmuch  as  it  shortened  the  time  required  for  bleadiing  linen  by  nearly  three 
months,  and  greatly  reduced  the  expense.  In  £ict,  the  operation  of  ^  souriog" 
by  sulphuric  add  still  forms  an  essential  feature  of  the  modem  prooesses  of 
bleaching. 

In  1785,  Berthollet,  a  French  chemist,  while  repeating  some  experiments  on 
chlorine,  which  had  been  discovered  by  Scheele  in  1774,  ascertained  that  a 
sdution  of  this  gas  in  water  was  capable  of  destroying  vegetable  colors,  and 
he  was  hence  led  to  suggest  its  application  Jto  bleadiing.  About  this  time 
Berth<dlet  was  visited  by  James  Watt,  of  England,  celebrated  fiY>m  his  connec- 
tion with  the  steam-engine,  to  whom  he  related  the  results  of  his  experimentsi 
Watt,  on  his  return  to  England,  practically  ezammed  tlie  subject,  and  made 
a  successful  trial  of  bleaching  with  the  new  agent,  at  an  establishment  near 
Glasgow,  Scotland.  From  thence  its  use  rapidly  extended  throughout  Great 
Britain. 

The  introduction  of  chlorine  as  a  bleaching  agent,  like  all  other  great  dis- 
coveries which  tend  to  overturn  old  practices,  encountered  a  most  strenuous 
opposition. 

The  first  method  of  usmg  it,  consisted  in  saturating  cold  water  with 
the  gas,  and  immersing  the  goods  to  be  bleached  in  the  solution.  Heat 
being  applied,  the  chlorine  was  evolved  fiY>m  the  water  and  acted  upon  the 
coloring  matters.  The  difficulties  which  attended  this  procedure  were,  that 
the  gas  was  evolved  so  abundantiy,  that  the  wcnrkmen  were  unable  to  endure 
it,  and  the  strength  of  the  doth  also  was  impaired.  A  defect  of  the  goods, 
becoming  yellow  after  some  days,  led  to  the  operation  of  boiling  in  alkaline 
leys,  when  it  was  discovered  that  solutions  of  the  alkalies  not  only  absorb  a 
greater  quantity  of  chlorine  than  water,  but  hold  it  with  greater  affinity — ^not 
allowing  the  gas  to  escape  and  affect  the  atmosphere,  but  at  the  same  time 
imparting  it  regularly  and  effectively  to  fabrics  in  contact  with  them.  The 
knowledge  of  these  facts  prepared  the  way  for  the  further  discovery,  in  1798, 
by  Mr.  Tennant,  of  Scotland,  of  the  compound  known  as  "  chk>ride  of  lime," 
or  "bleaching-powder,"  the  manufacture  of  which  has  been  already  described 
(§  366).*    During  all  this  period  the  constitution  of  the  bleaching  agent  in 

*  Chlorine,  in  it«  combination  with  lime,  is  completely  under  the  control  of  the  mana- 
facturer,  and  can  be  used  with  any  amount  of  violence,  so  to  speak,  within  the  limits  of 
its  powers.  It  may  be  developed  at  once,  if  desired,  or  its  evolution  can  be  effected  by 
the  slowest  degrees.  It  is  possible  to  so  dilute  bleaching-powder  with  water,  that  it  shall 
ezerdse  no  bleaching  effect  of  itself,  but  this  effect  shall  be  developed  by  the  disturbing 
action  of  a  third  substance.    This  may  be  illustrated  by  making  an  exceedingly  dHuta 


QviSTiONS.— What  improvement  was  introduced  by  the  Dutch  ?  What  was  the  next 
advance  In  the  art?  What  did  Berthollet  discover?  What  followed  Berthollet*s  discov- 
ery ?  What  was  the  first  method  of  bleaching  by  chlorine  ?  What  «lt«<mtfp^fit  were  «a* 
countered?    How  were  they  overcome  ? 
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qnostiou  was  unknown,  it  being  regarded  as  a  compound  containing  oxygon^ 
termed  "  oxy-muriatic  acid;"  and  it  was  not  until  1811  that  Sir  Humphrey 
Davy  demonstrated  its  true  elementary  character,  and  called  it  chlorine. 

Some  idea  of  the  wonderful  results  which  have  flowed  from  the  discovery 
and  practical  application  of  chlorine  may  be  formed  from  the  following  facts : 
bleaching  operations,  which  less  than  one  hundred  years  ago,  required  fiom 
four  to  eight  months,  are  now  accomplished  in  comparatively  few  hours ;  the 
quantity  of  cloth  bleached  by  several  of  the  large  establishments  of  England 
and  the  United  States  ranges  from  twenty  to  fifty  thousand  yards  per  day; 
and  it  has  been  further  estimated  that  all  tl^e  available  labor  of  the  civilized 
world  would  at  the  present  time  be  insufficient  to  supply,  by  the  old  process, 
the  present  demand  and  consumption  of  bleached  cottons  and  linens. 

The  operations  of  a  modem  bleachery  for  cotton  fabrics  may  be  briefly  do- 
scribed  as  follows: — "All  cotton  fibers  are  covered  with  a  resinous  substance, 
which,  to  a  certain  extent,  prevents  the  absorption  of  moisture,  and  also  with 
a  yellow  coloring  matter,  which,  in  some  kinds  of  cotton,  is  so  marked  as  to 
give  a  distinctive  chu^ctcr  to  the  fabric  made  fh)m  it,  as  in  nankeen,  which 
is  manufactured  in  China  fix)m  a  native  brown  cotton.  In  some  varieties  of 
cotton  the  quantity  of  coloring  mater  is  so  small  that  the  fabric  would  not  re- 
quire bleaching  were  it  not  for  the  impurities  acquired  in  spinning  and  weav- 
mg." 

The  first  process  of  bleaching  is  called  "  singeing,"  and  consists  in  passing 
tho  cloth  with  great  rapidity  over  a  red-hot  copper  cylinder.  This  bums,  or 
"  singes"  off  the  fibrous  down  or  "  nap"  from  the  surface  of  the  cloth,  render- 
ing it  smooth  and  more  suitable  for  the  reception  of  colors,  in  subsequent 
operations  of  dyeing  and  calico  printing. 

After  singeing  the  goods  are  placed  in  large  hollow  wheels,  each  of  which 
has  four  compartments^  with  openings  upon  its  face.  (See  Fig.  120).  "Wattr 
being  admitted  into  the  compartments  by  means  of  a  pipe  concentric  with  the 

■olation  of  chloride  of  limd  in  water ;  bo  dilute  that  a  solutioTi  of  indigo  poured  into  it  is 
not  perceptibly  decolorized.  If  we  now  add  a  third  or  disturbing  agency,  in  the  form  of 
a  few  drops  of  acid  of  any  kind,  cMorine  is  liberated,  and  decoloration  takes  place.  A. 
very  beautiful  application  of  this  property  is  made  in  calico-printing.  Suppose  it  is  de-> 
sired  to  produce  a  white  pattern  on  a  colored  ground — ^white  dots  or  leaves,  for  example, 
OB  a  field  of  bright  red,  the  red  being  a  color  removable  by  the  agency  of  ehlorino~-tbis  re- 
sult is  effected  by  the  following  course  of  manipulation :  The  whole  fabric  is  first  dyed  ot 
a  uniform  color,  and  then  the  form  of  the  desired  pattern  is  compressed  upon  the  cloth 
with  stamps  coated  li^ith  some  substance  containing  a  Tery  weak  acid.  An  add  known  as 
dtrie  add  (a  crystalline  solid),  mixed  with  gum,  is  generally  used  for  this  purpose.  The 
fabric  is  now  dried,  and  stUl  exhibits  an  uniform  color.  Mo  sooner,  howerer,  is  it  dipped 
in  a  weak  solution  of  chloride  of  lime,  than  the  dtrio  acid  sets  up  Just  that  amount  of  locai 
decomposition  necessary  to  affect  the  liberation  of  the  chlorine,  which  immediately 
bleaches  out  the  stamped  pattern,  leaving  the  unstamped  portions  of  the  fabric  unchanged. 
The  material  which  thus  effects  the  liberation  of  chlorine,  is  termed  a  mordant^  and  the 
operation  ia  called  ^'•mordanting ^ — ^Fakadat. 

QuKsnozf B. — Enumerate  some  of  the  results  which  hare  followed  the  discoTcry  and 
application  of  chlorine.  What  is  the  natural  state  of  cotton  fibers?  What  are  theaao- 
cesdTe  operations  of  a  modem  Ueachery  f 
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The  next  openitioa  coDnila  in  boiling  the  clolh  in  aii  alkaline  solDbw, 
nbicb  reiDOTea  all  tha  greasf  and  resinous  matters.  TIiIh  is  cOedcd  in  a  po 
culiw  manner ;  the  cloth  is  placed  in  large  vats,  on  a  grati^Er  or  pcTlo"»<^ 
£ilae  bottom,  tlirougll  which,  from  a  comparlmoot  below,  rises  a  pipe,  fumiabcd 
on  ila  extremity  with  a  curred  iron  cover.  {Soe  Fig.  131.)  A  boiUng  solii- 
lion  <tf  alkali  is  fbroed,  b;  steam  preaaure,  from  Che  compartment  beiov  Um 
Tat  lip  through  thig  pipe,  ani  striking  against  the  cover,  is  reflected  upon  Ui9 
goods  in  the  Tonn  or  a  shower ;  theace  altering  through  the  texture  of  the 
tloth,  the  liquor  runs  back  into  the  lower  oompartmont,  lo  be  again  heated  bj 
til«am,  and  lorced  up  as  bofore.  Tliis  process  is  coatiuued  Tor  about  kvod 
hours,  and  at  ita  conclusion  the  color  of  the  cloth  is  darker  than  at  the  out- 
set The  cloth  is  then  washed  ^aiu  in  the  wheels,  and  next  atoeped  in  i 
very  dilute  solutiun  of  cliloridc  of  Ume,  in  large  vats,  lor  about  six  houn; 
it  even  tlien  is  not  white,  but  of  a  gray  appearance. 

In  the  next  process,  the  goods  are  steeped  for  lour  hoots  la  very  lUlula 
Fulphnric  acid,  when  a  minute  disengagement  of  chlorine  takes  phtce  tbraugb- 
out  the  substance  of  tbe  doth,  and  It  immediately  ossomes  a  bleached  ap- 
pearanca  The  some  operations  of  washing,  boUing,  bleaching,  and  souring, 
are  tbeo  auccessivelj  repeated,  in  leas  tune,  until  at  length  tbe  cloth  is  peribcUj 
whitened. 

The  length  of  Ume  required  for  oil  these  operations  is  bom  24  to  48  houB ; 
one  parcel  of  goods  succeeding  another  in  each  Bucceasive  stage  of  ths  pro- 
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ces^  BO  that  all  tho  depariments  of  »  bleaohery  aro  In  Tull  opcroUon  st  tho 
sanio  time.  The  labor  oT  bsnilliiig  ttie  ulotb,  which  maj  Beem  rerj  gretX,  U 
nearljr  all  pcrTormed  by  machiiiEr;,  with  great  rapidity,  at  a  vary  slight  ex- 
pense— the  average  coat  of  bleaching  cottoo  Mirica  not  excoeding  one  cent 
Fia.  121. 


per  yard.     Cottomt  subjected  to  bleaching  lose  about  10  per  cent,  in  weight 
Wool  19  bleached- by  washing,  and  exposure  to  the  vopor  of  imrninj  aulphiar. 

BECTION   TI. 


Eitiivaleni,  13T.     Sj/mbol,  L     Specific  gravity  oj  vapor,  8'T, 
371.  fliitor;. — Iodine  was  discovered  in   1811  liy  M. 
Courtois,  a  chemical  manufacturer  of  Paris. 

lie  noticed  that  a  dark-colored  liquor,  loft  ailor  tho  preparation  of  soda 
from  the  ashes  of  sea-weeds,  powerfully  corroded  liia  kettles,  and  that  when 
sulphuric  add  was  added  Vt  the  liquor,  a  brown  Bubstnnco  eeparaled,  which 
on  the  application  of  beat  was  converted  into  a  violet-colored  vapor.  A  sub- 
sequent examiDatiou  showed  that  the  substance  in  quesUoa  was  a  new  ele- 
ment— Iodine, 

*"*.  Katural  RiRtory  — Iodine  is  widely,  but  iparingly  distributed 
in  nature.  In  the  inorganic  kingdom  it  is  a  constitueot  of  all  sea-waleri  of 
many  mineral  springs  (Saratega,  Carlsbad,  ete),  and  also  of  certain  raro  min- 
erals.    In  tho  organic  kingdom,  it  exists  probably  in  alt  marine  plants,  but 
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more  abundantly  in  somo  species  than  in  others;  also  in  spoi^es,  in  the 
oyster  &ad  other  sea-moUusks,  and  in  some  fishes  (i  e.,  cod-liver  oil).  It  is 
always  found  in  combination  with  other  substances — generally  aa  iodide  of 
sodium,  or  magnesiuuL 

372.  Preparation . — ^The  greater  part  of  the  iodine  of  commerce  is 
manu&ctured  at  Glasgow,  frofti  "  kelp,"  which  is  the  ashes  of  sea-weeds  col- 
lected and  burned  upon  the  coasts  of  Scotland  and  Ireland.  The  kelp  is 
treated  with  water,  which  dissolves  out  a  large  quantity  of  soluble  saline 
matters—carbonate  of  soda,  common  salt,  chloride  of  magnesium,  etc.  When 
these  substances  are  separated  fix>m  the  solution  by  partial  evaporation  and 
crystallization,  there  remains  behind  a  dark-colored  liquor,  which  contaios 
iodine.  This  is  heated  with  sulphuric  acid  and  peroxyd  of  manganese,  when 
the  iodine  distils  over  as  a  purple  vapor,  which  is  collected  in  receivers  and 
condensed  to  a  solid  by  cooling.  A  ton  of  kelp  yields  9  pounds  of  iodine. 
The  chief  uses  of  iodine  are  for  medicine,  photography,  and  to  some  extent  in 
dyeing. 

373.  Properties  .—Iodine,  at  ordinary  temperatures  and  pressures,  is 
a  solid,  and  is  generally  obtained  by  crystallization  in  the  form  of  bluish-black 
scales,  which  possess  a  brilliant  and  somewhat  metallic  luster.  Exposed  to 
heat,  it  liquefies  at  225^  F.,  and  boils  at  350°,  forming  a  magnificent  purple 
vapor,  from  whence  it  derives  its  name  (n^g,  violet-colored).    This  property 

Fio  122  "^^-^  ^  beautifully  illustrated  by  heating  a  few  grains  of 
iodine  in  a  glass  flask,  or  test  tube,  over  a  spirit-lamp.  (See 
Fig.  122.)  On  withdrawing  the  heat  the  vapor  condenses, 
and  forms  brilliant  crystals  of  solid  iodine  upon  the  sides  of 
the  flask. 

Dropped  on  a  red  hot  surface  iodine  melts,  and  as  a  liquid 
assumes  the  spheroidal  state  (§  154),  forming  a  splendid  ex- 
periment. 

Iodine,  when  taken  inwardly,  acts  in  large  doses  as  an  ir- 
ritant poison ;  but  in  small  quantities  it  is  a  most  valuable 
medicine.  Long  before  its  discovery,  the  ashes  of  a  burnt 
sponge  were  often  prescribed  as  a  most  efficacious  remedy  for 
certain  diseases.  Their  effect  is  now  known  to  have  been 
due  to  the  iodine  contained  in  them.  Iodine  stains  the  skin  and  most  or- 
ganized substances  of  a  brown  color,  and  gradually  corrodes  them.  Water 
forma  with  it  a  yellow  solution,  but  dissolves  it  only  in  very  small  quantity — 
1  part  in  7,000.  Its  bleaching  properties  are  very  feeble.  Alcohol,  ethei; 
and  solutions  of  the  salts  of  iodine,  dissolve  it  freely. 

374.  Iodine  attacks  the  metals  rapidly.  Iron  or  zinc  placed  in  water  with 
it  are  readily  dissolved,  an  iodide  of  the  metal  being  formed.  Some  of  the 
combinations  of  iodine  with  th'e  metals  are  remarkable  for  their  brilliant 


QuESTiONB. — How  is  it  prepared  ?  What  are  its  properties  ?  From  irhat  drcnmstanos 
does  it  derive  its  name  ?  What  are  Che  effects  of  iodine  upon  the  animal  system  f  What 
la  said  of  its  combinations  with  the  metals  f 
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colors.  An  iUostratioii  of  this  forms  an  easy  and  striking  experiment.  Place 
in  three  test  tubes  a  solation  of  iodide  of  potassium  in  water;  if  we  add  to 
tho  first  a  few  drops  of  a  solution  of  mercury  (corrosiTe  sublimate),  we  ob- 
tain a  beautiful  salmon-colored  precipitate,  w^ch  almost  immediately  changes 
to  scarlet  A  solution  of  sugar  of  lead  added  to  the  second,  produces  a  bright 
yellow  precipitate ;  and;  a  solution  of  subnitrate  of  mercury  added  to  the 
third,  a  green  precipitate. 

The  distinctive  test  for  iodine  is  a  solution  of  starch,  with  which  it  strikes 
A  deep  blue  color.  The  solution  must,  however,  be  cold,  and  no  alkali  must 
be  present  This  may  be  illustrated  by  experiment  as  follows : — ^Draw  or 
pmnt  upon  a  sheet  of  paper,  figures  in  starch  paste,  and  expose  the  paper  to 
the  vapor  a^sing  firom  iodine  thrown  upon  a  hot  surface.  The  figures,  whidi 
were  before  colorless,  immediately  become  blue.  If  a  little  of  the  tincture  of 
iodine  be  dropped  upon  flour,  potatoes,  etc.,  the  presence  of  starch  in  these 
bodies  will  be  indicated. 

Iodine  unites  with  hydrogen  to  form  an  acid,  hydriodic  acid,  HI,  and  with 
oxygen,  in  several  proportions,  to  form  both  oxyds  and  adds.  Its  principal 
oxygen  compound  is  iodic  acid,  lOs. 

The  most  important  compound  of  iodine  is  that  which  results  ttom  its  union 
with  potassium,  forming  a  white  crystallizable  saJt,  the  iodide  of  potassium, 
also  tenned  the  "  hydriodate  of  potash"  (KI).  It  is  in  this  condition  that 
iodine  is  chiefly  used  in  modidne,  and  also  in  photographic  operations. 

SECTION    VII. 

BROKINE. 

Equivaienit  80.     Symbol^  Br.     Specific  gravUy  o/vapoTj  6*3. 

375.  History  — Bromine  was  discovered  by  M.  Ballard, 
a  French  chemist,  in  1826,  in  the  "  mother,^'  or  residual 
liquor  left  after  the  crystallization  and  separation  of  the 
salts  of  sea- water. 

376.  Distribution . — ^It  exists  in  all  sea- water  in  minute  quantity, 

generally  in  the  proportion  of  about  one  grain  to  the  gallon ;  and  for  the 
most  part  in  combination  with  magnesium,  forming  bromide  of  magnesium. 
It  is  also  found  in  certain  mineral  springs,  and  in  a  few  minerals. 

377.  Preparation  . — Bromine  is  prepared  by  passing  into  the  mother 

liquor  of  sea- water  a  stream  of  chlorine  gas,  and  then  agitating  the  liquor 
with  ether.  The  chlorine  sets  the  bromine  free  from  its  combinations,  and 
the  ether  dissolves  it.  Afl;er  standing  for  a  little  time,  the  etherial  solution, 
having  a  fine  red  color,  separates  and  floats  at  the  top. 

378.  Properties  . — Bromine,  at  ordinary  temperatures  and  pressures, 

QuKBTiONS.— What  is  the  distinctiTe  test  of  iodine?  What  is  the  principal  salt  of 
iodine  f  When  and  by  whom  was  bromine  diacovered  ?  What  is  said  of  ita  distribution 
in  nature  f    How  Is  bromine  obtained  f    What  are  its  properties  ? 


' 
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is  a  red  liquid,  so  deep  in  color  as  to  bo  nearly  opaque.  It  is  extremely  Tolar 
tile,  and  can  only  be  preserved  in  very  close  Tessels.  A  few  drops  slightly 
warmed  in  a  glass  flask,  will  fill  the  yessel  with  blood-red  yapors.  Its  odor 
is  somewhat  Uke  chlorine,  but  more  offensive ;  hence  the  name  Bpcj/iof,  lad 
odor*^  When  swallowed,  it  acts  as  a  deadly  poison,  and  a  single  drop  upon 
tho  beak  of  a  bird  is  said  to  occasion  instant  death.  It  rapidly  destroys  all 
organic  tissues,  and  stains  the  skin  permanently  yellow.  It  boils  at  145°  F^ 
and  when  exposed  to  a  cold  of  — 10°  F.,  fineezes  into  a  cryBtalline  solid. 
Bromine  bleaches  like  chlorine,  is  slightly  soluble  in  water,  ^ut  dissolyes  freely 
in  alcohol  and  ether.  It  combmes  directly  with  many  of  the  metals,  and 
forms  bromides — ^tho  act  of  combination  being  often  accompanied  with  an  ex- 
plosive evolution  of  light  and  heat  This  may  be  experimentally  shown  by 
cautiously  pouring  a  small  quantity  of  powdered  antimony  or  tin  upon  a  feir 
drops  of  bromme  contained  in  a  deep  strong  glass.  In  short,  the  properties 
of  bromine  g^rcatly  resemble  thoso  of  chlorine,  but  they  are  less  strongly 
developed. 

Bromine  is  extensively  used  in  photographic  processes,  and  sometimes  in 
medicine. 

But  one  compound  of  bromine  and  oxygen  is  known,  viz.,  bromic  add, 
BrOs;  it  also  unites  with  hydrogen  to  form  an  acid,  hydrobromic  add,  HBr» 

SECTION    VIII, 

FLUOBIKK. 

.    Equivalent^  19.     Syrribc^  F.     TheoreUcal  Densily,  1*31. 

379.  History. — Of  this  element  but  little  is  known 
except  from  its  compounds. 

Its  affinities  for  the  other  elements  are  so  powetful,  and  its  action  on  the 
human  system  is  so  deleterious,  that  its  isolation  has  been  regarded  as  almost 
impossible.  Within  a  comparatively  recent  period,  however,  several  chemists 
have  succeeded  in  separating  it  from  all  other  bocUes,  in  the  form  of  a  colcsiess 
gas.  In  its  general  nature  and  properties  it  undoubtedly  resembles^  and  i» 
dosely  allied  to^  chlorine,  bromine,  and  iodine. 

The  only  compound  in  which  it  exists  in  nature  in  any  abundance,  is  a 
compound  of  lime,  called  fluor-spar,  or  fluoride  of  calcium.  This  mineral  is- 
found,  in  great  quantity  and  beauty,  in  Derbyshire,  England,  and  firom  it 
the  well-known  ornaments  known  as  "Derbyshire  spar,"  are  manu&ctured. 
Fluorine  is  also  found  in  a  great  variety  of  other  minerals,  and  exists  in  mi* 
nute  quantitiesin  the  bones  of  animals,  and  in  the  enamel  of  the  teeth. 

Gompoimds  containing  fluorine  can  be  decomposed  without  difficulty,  and 
the  fluorine  transferred  from  one  body  to  another;  but  so  great  is  its  affinity 
for  the  metals,  and  for  silicon,  a  constituent  of  glass,  that  in  passing  out  from 

QuBiTiOMB.~-How  does  bromine  act  upon  the  metals?  What  are  its  nses?  What  ita 
eompoands?  What  is  known  of  fluorine?  What  is  said  of  its  diatrihutiou  InnatoN! 
Why  is  it  difficult  to  i«ofaitc  fluorine  ? 
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a  Btnte  of  combination,  it  combines  again  Immcdiatelj  witli  the  material  of 
ate  tsmbI  coDtsiniog  it. 

379.  nydroflDorie  Acid,  HF.— Fluorine  is  not  Ieqowd  to 
unite  with  oxygen  under  any  circumstances,  but  with  hy- 
drogen it  forms  a  very  remarkable  compound,  "  hydroflu- 
oric acid." 

This  mbstsnco  ia  Ginned  bj  bcatii^  powdered  liuor-spBT  with  strong  sul- 
phuric acid,  in  a  platinum  or  lead  retort,  ilimiahed  nith  a  receiver  of  the  same 
oiatat,  which  is  kept  cool  bj  ioimersioa  in  a  freezing  mizture.  The  chemical 
reacliaa  which  lakes  place  may  tie  expressed  aa  Ibllowa : — 


Cap     +    SO.  HO    —    CaO,  SOi    +     Ub' 

The  acid  thus  obtuced  ia  a  gaa  at  ordinary  temporaturrs,  but  is  condons- 
ible  by  cold  into  a  volatile,  colorless  liquid,  which  evolveB  wiiilo,  -suffocating 
liimca  OD  ezpoeure  to  the  air ;  ila  attraction  for  water  is  very  groat,  and 
when  poured  into  it,  it  hisses  like  a  rod-hot  iron.  At  vapor,  and  as  an 
aqoesuB  solution,  it  attacks  and  roadil;  dissolves  glass,  and  all  compountls 
contiuDing  silica,  tOKethcr  with  some  mineral  snbstonces  that  do  other  ai^ 
eaa  affecL     This  propertj  is  often  made  available  Ibr  etching  upon  glass. 

In  its  moat  cooceotrated  form,  hydrofluoric  add  is  a  most  dangcroua  sub- 
ntance,  aod  is  more  desbuctive  of  animal  tisaues  thaa  any  other  known  agent. 
The  most  minute  drop  upon  the  skin  occauons  a  deep  and  painlUI  bum,  often 
tonninatmg  in  an  nicer  diCBcult  to  euro.     Its  vspor  is  otso  in  the  behest  do- 


Hie  peculiar  action  of  hydroflnoric  acid  vaporupon  glans  maybe  osaOy  illus- 
trated without  dai^jsr,  by  the  dUowing  experiment.  Place  in  a  small  leaden 
dish,  or  an  earthen  cup,  the  interior  of  which  has  boon  slightly  oiled,  a  littlo 
powdered  fluor-spar,  and  add  strong  sulphuric  add.  Pin  i  ii 

snfflcient  to  Ibrm  with  it  a  thin  paste.    Cover  the  cup 
with  a  piec«  of  window-glass  which  has  recdved     a 
a  ooating  of  wax,  and  fhim  some  parts  of  which   ^ 
the  wBX  has  been  removed,  by  scratchii^  with  a      ■ 
*  needle  or  otiier  pointed  instrument    (See  Fig.  122.)    ^ 

After  the  lapse  of  some  hours,  remove  the  wax  by  - 

mdting  and  washii^  with  oil  of  turpentine,  when  those  parts  of  the  glass  left 
bare  will  be  finiod  to  be  deeply  craroded.  The  same  result  can  also  bo  ob- 
tiined  in  the  course  of  a  few  minutes,  by  a  gentle  application  of  heat  to  the 
onp  oontaining  the  mixture. 

QnranOB*.— Whmt  ti  Iti  rnnd 
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SECTION    IX. 

BULPHUB. 

Eqvivalentf  16.     Symbol,  S.     Specific  gravity,  1*98,  in  vapor^  6.65. 

380.  Natural  History  and  Distribntion.  —  Sulphur  is 
an  element  abundantly  distributed  in  nature^  most  exten- 
sively as  a  mineral  product,  but  widely  and  in  small  quan- 
tities as  a  constituent  of  animals  and  vegetables.  It  has 
been  known  from  the  most  remote  antiquity. 

Sulphur  is  found  in  a  native,  or  uncombined  state,  in  all  volcanic  districts ; 
and  in  Sicily  and  in  some  parts  of  South  America,  it  exists  in  immense  beds 
in  the  earth.  Many  of  the  compounds  of  sulphur  with  the  metals  occur  as 
natural  productions  in  great  abundance,  especially  the  sulphurets  (sulphides) 
of  iron,  copper,  lead,  and  zinc.  The  sulphuret  of  iron  (iron-pyrites)  is  even 
employed  as  a  source  of  sulphur.  In  an  oxydized  condition,  as  sulphuric  acid, 
it  is  still  more  widely  diffused  in  combuiation  with  various  earths,  as  the 
sulphates  of  lime,  magnesia,  baryta,  eta  Nearly  one  half  the  w^ght  of  sul- 
phate  of  lime  (gypsum,  or  plaster  of  Paris)  is  sulphur. 

381.  Most  of  the  sulphur  used  in  the  arts  is  obt^ed  from  Sicily  and  the 
volcanic  districts  of  southern  Italy,  the  Ibrmer  exporting  about  1,540,000 
cwts.  yearly.  It  is  generally  subjected,  on  the  spot  where  it  is  dug  from  the 
earth,  to  a  rough  purification  by  fusion,  and  is  brought  into  commerce  in  the 
form  of  amorphous,  or  semi-crystalline  masses.  Another  commercial  form  is 
roll  sulphur,  or  brimstone,  which  is  generally  the  produce  of  roasting  the 
sulphurets  of  iron  and  copper  (pyrites),  collecting  the  evolved  fumes  in  oon- 
densmg  chambers,  and  subsequently  fttsing  the  sulphur  into  sticks.  *'  Flowers 
of  sulphur,"  a  powder,  is  a  third  commercial  state  which  this  element  is  made 
to  assume ;  and  is  produced  by  distilling  sulphur  and  condensing  the  vapor. 

382.  Properties . — Sulphur  in  its  ordinary  condition  is  a  yellow,  brit- 
tle solid,  which,  by  warmth  and  friction,  emits  a  characteristic  odor  (brim- 
stone odor).  It  is  insoluble  in  water,  and  consequently  tasteless ;  it  is'  very 
slightly  soluble  in  alcohol  and  ether ;  more  so  in  oil  of  turpentine  and  some 
other  oils;  and  readily  in  the  bisulphide  of  carbon.  It  is  a  bad  conductor  of  * 
heat ;  and  a  roll  of  sulphur,  when  grasped  by  the  warm  hand,  crackles  and 
frequently  fidls  in  pieces  from  unequal  expansion.  It  is  a  non-condactor  of 
electricity,  but  when  rubbed  develops  negative  electridty  abundantly. 

Sulphur  is  highly  inflammable,  burning  with  a  blue  flame,  and  emitting 
QufTocating  fames  of  sillphurous  acid,  (the  familiar  odor  of  a  match).  It  has  a 
powerful  affinity  for  most  of  the  other  elements,  and  its  act  of  combination 

Questions.— What  Is  the  history  of  sulphar  f  What  is  said  of  its  distrihution  in  na- 
ture? From  whence  are  supplies  of  snlphnr  chiefly  derired  ?  What  are  its  commercial 
forms  ?  What  are  the  properties  of  sulphur  ?  What  is  said  of  its  solubility  1  What  of 
its  affinity  for  other  elements  f 
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with  tho  metals  to  form  snlphides,  or  sulphurets,  is  often  attended  with  an 
evolution  of  light  and  heat  This  &ct  may  be  experimentally  Illustrated  by 
placing  in  a  flask  a  few  fragments  of  sulphur,  and  above  them  some  copper 
turnings;  on  the  application  of  heat  from  a  spirit-lamp,  vapor  of  sulphur 
rises,  and  coming  in  contact  with  the  copper,  enters  into  vivid  combination 
with  it 

383.  Allotropism  of  Snlphnr.—One  of  the  most  re- 
markable characteristics  of  sulphur  is  its  allotropism,  or 
power  of  existence  in  different  states. 

The  first  indication  of  this  power  is  perhaps  to  be  found  in  the  fiict,  that  it 
is  capable  of  assuming  two  distinct  crystalline  forms.    These  are  not  merely 
modifications  of  one  original  primary  figure  (to  which  cause  most  crystalline 
variations  can  be  referred),  but  tliey  belong  to  two  different,  in-   ^lo.  123. 
convertible,  and  incompatible  systems  of  crystallization,   viz., 
oblique  rhombic  prisms  and  right  rectangular  prisms.     Examples 
of  the  first  form,  Fig.  123,  (octohedrons  derived  from  oblique 
rhombic  prisms),  occur  in  native  sulphur,  or  in  sulphur  crystal- 
lized firom  a  solution.     Examples  of  the  second  form  may  be  ob- 
tained by  melting  a  quantity  of  sulphur  in  an  earthen  crucible, 
«nd  aUowing  it  to  solidify  on  the  surface ;  if  the  crust  be  then 

Via  124-  pierced  with  a  hot  wire,  the  fluid  portion  beneath  may 
be  poured  off,  when  the  interior  of  tho  cnicible,  on  cool- 
ing, will  bo  found  to  be  lined  with  slender  needles,  or 
right  rectangular  prisms.    (See  Fig.  124.) 

Both  forms  of  crystals  may  be  obtained  by  dissolving 
''  sulphur  in  boiling  oil  of  turpentine ;  as  the  solution  cools, 
the  sulphur  crystallizes  out,  first  in  the  form  of  prisms; 
but  afterward,  as  the  temperature  is  reduced,  octohedrons 
are  formed. 

The  power  possessed  by  sulphur  of  manifesting  itself  under  two  condi- 
tions, is,  however,  most  strikingly  illustrated  by  certain  phenomena  of  its 
meltmg  and  subsequent  cooling.  Thus,  if  we  heat  a  small  quantity  of  sulphur 
in  a  glass  fiask  over  a  spirit-lamp,  it  melts  at  a  temperature  of  250-280°  F., 
into  a  clear,  yellow  liquid.  If  a  portion  of  this  liquid  be  poured  into  cold 
water,  it  immediately  condenses  into  the  state  it  had  before  melting — that  is, 
into  oommon,  yellow,  brittle  sulphur.  If  to  the  portion  remainiug  in  tho 
flask  A  stronger  heat  be  applied  (about  500°  F.),  the  transparent  fluid  gra- 
dually thickens,  becomes  brown  at  first,  and  at  last  nearly  black  and 
opaque ;  in  tliis  condition  the  viscidity  of  the  sulphur  is  such,  that  the  fiask 
may  be  inverted  without  escape  of  its  contents.  If  the  heat  be  still  further  in- 
creased, the  black,  tenacious  sulphur  once  more  liquefies,  though  it  never  be- 


QuavnoHB. — ^What  is  said  of  the  allotropism  of  sulphar  f  What  ia  the  fint  indication 
of  this  property!  In  what  two  formi  does  solphur  crystallise f  What  are  examples ! 
In  what  other  way  may  the  allotropic  properties  of  sulphor  be  iUostrated? 
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taama  aa  fluid  as  when  Ant  molted,  at  the  temperaturo  of  226"  F.,  and  if 
■odderJy  cooled,  by  pouring  It  io  a  slender  Etream  iuto  cold  water,  it  iiBiime* 
•  most  nngular  atata.  It  is  no  longer  yaUow  and  brittle^  like  ordinary  bdI- 
phnr,  OF  IJlro  the  prodact  of  pouriog  into. water  tbe  first  lesull  ct  fhsioii,  but 
It  remainB  aol^  tenadour^  tugUy  elasti:^  and  of  a  lirowa  color,  resembling,  in 
nil  its  external  chamclcriatica^  strips  of  India  rubber  or  gutta  percha.  In  this 
fbrm  it  can  bo  molded  b;  (lie  band,  and  ma;  bu  used  to  take  impres^ons  of 
sctUa,  medallions,  etc.  After  the  lapse  of  a  litUc  lime,  it  agiun  becomee  yel- 
low, and  returns  to  its  original  brittle  condiUon,  giving  out  in  the  translbrmo- 
tioa  Q  quantity  of  latent  heat 

3S4.  Hilk  of  Snlphnr  —If  we  ndd  to  a  strong  boiling;  solution  of 
potssh  or  soda,  a  little  of  the  flowers  of  sulphur,  a,  part  of  tbo  sulphur  di.t- 
Bolvo^  and  impBTta  to  tbe  liquor  a  yellowish-brown  color.  If  a  little  of  the 
clear  Bolation  be  added  to  water,  eliglitly  acidulated,  the  add  will  unite  with  tho 
alkali  holding  tho  ^Iphur  in  solution,  aud  cause  tbe  sulphur  to  be  precip- 
itated iu  the  Ibrm  of  exceedingly  minute  particlce,  giving  to  the  water  a 
milky  appearance.  Sulphur  in  ttiis  (brm  is  nearly  white  in  appearance,  and 
\m  known  OS  "  Milk  of  Sulphur,"  or  "  Predpitated  Sulphur." 

In  ti.e  organic  kingdom  sulphur  is  exti^ikdvely,  aud  perhaps  univcrfnlly 
difiiisod  throughout  animal  substances,  and  exists  in  small  quantities  in 
most  vegetables.  The  welt-known  blaekeniog  of  a  diver  apoon  immersed  for 
some  time  in  a  boiled  egg,  is  due  to  tito  presence  of  sulphur  in  tbe  egg.  Tho 
presence  of  sulphur  aiao  in  a  piece  of  fiannel  may  be  strikingly  demonstrated 
by  immeinng  tbe  cloth  in  a  mixture  of  oxyd  of  lead  in  a  eoludon  of  potash ; 
on -applying  heal,  the  Banool  immediately  tiuns  black. 

3S6.  Componnds  «f  Sulphur  and  0  x  jr  S  <  n '—The  compounds 

of  sulphur  with  oxygen  are  nutoerous,  but  only  two  of  them  demand  on  es- 

tensivo  notice ;  them  are  Sulphurona  add,  SOt,  formed  by  the  union  of  ods 

equivalent  of  sulphur  with  two  of  oxygen;  and 

FlO.  125.  Sulphuric  acid,  SOi,  formed  by  the  union  of  one  of 

Butphur  and  three  tS  oxygen. 

886.  SDlphnroniAcid,  SOa  is  form- 
ed when  sulphur  is  burned  in  oxy- 
gen (See  Fig.  125)  or  atmospheric  air ; 
and  is  tho  occasion  of  the  well-known 
Bii£Focating  odor  of  an  ignited  match. 
It  esistB  in  nature  ia  the  vicinity 
of  volcanoes,  and  ie  often  ev()lved 
iu  immense  quantities  from  their 
craters. 

Qnanom.— WhU  la  milk  of  ulphnrr  Wbiit  U  nU  of  (ulpbiir  Id  tha  orpmta 
kli^om  of  nilDrer  Whiil  sn  Ulmtratlont  of  ft>  prcHnn  in  inliul  •u1j»1«ik«( 
Wlut  la  bid  of  Oie  uinponndi  of  nilpbur  wlUi  oirsen  T    What  of  HlphDroaB  udd  I 
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Wlien  required  In  a  pnro  stato,  it  is  best  pre-  yiq   is6 

jiared  bj  depriving  oil  of  vitriol  of  a  part  of  its 
oxjgen.  In  order  to  effect  ihi^  two  or~thrM 
ooDces  of  concaitratad  sulphuric  add  are  boilod 
in  a  glasa  retort  or  flask,  with  a  half  an  ouiioe 
of  copper  turnings;  pieoea  of  charcoal  may  be 
Bubatituted  in  place  of  ttas  copper,  but  the  gas 
GTolred  under  ench  circumstances  is  not  pure. 
In  this  process,  a  part  of  the  acid  gives  up  one 
equivalent  of  ita  oxygen  ta  the  metal,  and 
■ulpbuniiis  acid  gas  is  liberated  ;  the  oxyd  I 
of  the  metal  produced,  unites  with  a  portion  I 
of  undocoDipoaed  acid  to  form  a  Bulphatc. 
Tbus: — 

Cu  +  2S0,  —  CuO,  SO,  +  SOt 

By  allowing  the  gas  to  bubblo  through  water,  a  strong  solution  will  be  ob- 
tained, wliioli  may  be  used  lor  illustrating  the  properties  of  sulphurous  acid. 

387.  Pro'pcTtieg, — Sulphuroua  acid  is  a  colorless  gas,  with  a  cliarao- 
teriatic  odor,  ouaily  coodonsdblo  by  cold  or  by  prceauro,  into  a  colorless,  limpid 
liquid.  Water,  at  60°  F.,  ataorbs  from  40  to  BO  times  its  volume  of  sulphur- 
ous acid,  and  forms  thereby  a  strongly  acid  liquid.  Heaee  it  is  necessary  to 
ooUeot  this  gas  over  mercury  or  1jy  the  dispUicemenl  of  air  ftom  dry  vessels. 
Its  avidity  for  water  is  so  groat,  that  a  piece  of  ice  introduced  into  a  jar  of 
it.  Is  instantly  liqueBod. 

Sulphurous  acid  is  not  inflamiDable^  and  a  lighted  candle  immersed  in  a 
jar  of  the  gas,  is  immediately  extinguished  for  the  want  of  iVee  oiygcn-  -A- 
most  certain  way  of  eztjnguisbing  a  chimney  on  llro  is  to  scatter  flowers  ot 
sulphor  on  a  pan  of  coals  in  a  Srepl  ace-opening  beneath.  The  sulphurous 
acid  gas  fonned  by  the  combustion  of  the  sulphur,  ascends  the  flue,  expels 
the  atmospheric  air  present  in  i^  and  by  depriving  the  burning  soot  of  f^ 
oxygen,  extinguishes  it 

Sulphurous  add  possesses  bleacbuig  properties,  and  is  extensively  employed 
in  bleaching  straw  and  wool  The  articles  are  moistened  and  suspended  in 
closed  chambers  in  which  sulphur  is  bnmod  in  an  open  dish;  (an  inverted 
barrel  is  often  made  to  subserve  the  purpose  of  a  bleaching  chamber.)  Tho 
lulphurooB  add  is  absorbed  by  the  damp  goods,  and  discharges  their  color. 
The  bleaching  action  appears  to  be  due  to  the  Ihct,  that  the  gas  unites  witli 
the  coloring  matteis  to  form  colorless  compounds.  It  does  not,  like  chlorine, 
decompose  and  destroy  the  coloring  matter,  wnce  by  the  action  of  a  stronger 
chemical  agent,  the  colorless  compound  may  bo  broken  up  and  the  original 

QmsnoHB. — Tlow  bit  dbobUj prepared f  Qin  tha  ehemlcfil  TAacHon  Involved  In  1U 
prapvation.  What  ire  III  ppiperU«r  Whil  ara  iti  rclallani  la  iwmhuBUiin  T  Hoirli 
wipharoiw  add  emploTed  In  bli!«hlii|[r    Whatli  Ui<  Mtair«  of  Iti  bleutttnc  lUtlaa  t 
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color  restored.  This  may  be  illustrated  by  holding  a  red  rose,  or  any  otber 
red  flower,  over  a  bit  of  burning  sulphur.  The  color  is  speedily  discharged, 
but  may  be  again  restored  by  washing  with  dilute  sulphuric  add.  White 
flannel  which  has  been  bleadied  by  sulphurous  acid,  when  washed  for  the 
first  time  with  an  alkaline  soap,  has  its  original  yellow  color  in  part  restored 
to  it. 

Sulphurous  acid  is  also  valuable  as  a  disinfecting  agent. 

The  compourds  of  sulphurous  acid  with  the  bases  are  termed  sulphites. 
They  are  readily  formed  by  transmitting  a  stream  of  gas  through  water  in 
which  the  oxyd  or  the  carbonaite  of  the  metal  is  dissolved  or  suspended,  the 
carbonates  being  decomposed  with  effervescenca  The  sulphite  of  soda  is 
known  in  commerce  as  arUichiorine ;  since  its  solution  in  water  is  able  to 
neutralize  the  chlorine  which  may  remain  in  fabrics  after  bleaching,  and  thoa 
prevents  its  destructive  action. 

388.  Sulphuric  Acid,  8  Os. — ^This  acid  is  one  of  the  most  unpor- 
tant  of  all  chemical  reagents,  and  furnishes  the  means  by  which  most  other 
acids  are  prepared.  Immense  quantities  of  it  are  consumed  in  the  manu- 
facture of  carbonate  of  soda,  nitric  and  hydrocliloric  acid^,  clilorinc,  alum,  sul- 
phate of  copper  (blue  vitriol),  stearine,  phosphorus,  etc.,  and  in  dyeing,  and 
in  the  refining  of  the  precious  metals.  Its  annual  consumption  in  Great 
Britain  alone  is  upward  of  twenty  millions  of  pounds. 

389.  Preparation . — It  has  been  already  stated,  that  when  sulphur  is 
burned  in  air,  or  oxygen,  the  product  is  sulphurous  acid.  This  gas,  if  made 
to  combine  with  half  as  much  oxygen  again  as  it  already  contains,  is  converted 
into  sulphuric  acid;  thus  SOt-|-0— SOs.  In  other  words,  sulphurous  acid 
must  be  oxydized  in  order  to  enable  us  to  form  sulphuric  acid.  Oxygen  and 
sulphurous  acid  can  not,  however,  be  made  to  unite  directly,  but  the  inter- 
vention of  some  third  substance  is  necessary.  In  the  presence  of  water,  the 
union  takes  place  slowly,  or  if  the  two  gases  be  mixed,  and  passed  over 
spongy  platinum,  the  union  is  eSbctod  immediately. 

Neither  of  these  processes  can,  however,  be  used  with  advantage  in  the 
arts;  and  the  manufacture  of  sulphuric  acid  ui)on  a  large  scale  depends 
upon  the  fact,  that  when  sulphurous  acid  mixed  with  oxygen  is  brought  in 
contact  with  deutoxyd  of  nitrogen  (N0«),  or  any  of  the  other  higher  oxyds 
of  nitrogen,  combination  takes  place  with  great  rapidity;  the  presence  of  a 
very  small  proportion  of  deutoxyd  of  nitrogen  being  moreover  sufiScient  to 
effect  the  combination  of  an  almost  indefinite  amount  of  sulphurous  acid  and 
oxygen,  provided  that  water  is  also  present 

The  following  experiment  will  serve  to  illustrate  the  general  principle  upon 
which  sulphuric  acid  is  manufactured.  Bum  in  a  jar,  containing  a  little  water 
at  the  bottom,  a  piece  of  sulphur ;  as  a  consequence,  the  vessel  becomes  filled 
with  sulphurous  acid.    If  we  now  introduce  into  the  gas  a  shaving  moist- 

QmBsnoKS. — ^What  experlmenta  are  illustrative  ?  What  is  said  of  the  oomponnds  of 
salphurons  add  with  the  bases  ?  What  is  antiohlorine  ?  What  is  said  of  sulphario 
acid  f  What  of  its  theoretical  preparation  ?  Upon  irhat  fact  does  its  practical  preparation 
depend  f    How  may  it  be  experimentally  illustrated  f 


suLrnuii. 
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enod  with  n!Lric  ac[i],  rcddish-colorod  fumes  will  immodlatolj  fbna  annrnd  tho 
wood,  and  gnuluallj  fill  the  whole  vesaeL    (See  Fig.  127.)      F,g_  i27, 
iThesa  fumoB  are  uitruiia  acid,  and  are  produced  bj  the  ac 
tion  of  the  Bulpliurous  acid,  which  decomposes  the  nitric  acid, 
and  hy  deprivisg  it  of  2  eqaivolenla  of  oz^en,  becomes  lol- 
phiiric  acid.     TLua : 

Enlptunu  icU.  Nitric  mrU.  Snlpliiirii  ttU.  Nitnu  idd. 

2S0,   +   NO,  —  280,  -f   NOj. 

Tho  vapor  or  tho  sulphuiio  mad  formed  ia  absorbed  by  the 
n'aCar  io  the  jar,  and  by  repeatiog  the  experiment  several 
linies,  a  quADtit/  of  dilute  sulpburic  acid  may  be  prepared. 

Oq  a  large  scale,  the  opcraUon  of  manufocturlug  sulphuric  acid  is  eascn- 
ti;tUy  the  sime  in  priuciplc,  and  may  be  described  as  for 

15    feet 


cbambora,  liued  with  lead, 

FlQ,  128. 


300  fbct  long, 
ligh,  aod  20 
broad.  (See  Fig.  '128.) 
Ttie  floor  of  these  cliam- 
bera  is  coTorod  to  Ibo 
depth  of  a  fow  JDchra 
with  water,  and  at  oi.e 
extremity  there  is  ad- 
mitted by  a  suitable  flue,  B,  sulphurous  acid  {from  a  furnace  of  bumiog  sul- 
phur), with  atmospheric  ^r ;  by  another  pipe,  A,  steam ;  and  by  a  Ibird,  C, 
Tapors  of  nitric  acid  (obtained  by  heating  citrate  of  soda  with  BCrong  bdI- 
ptiurio  acid).  Whoa  these  several  substances  meet  within  the  chambers  a 
most  interesting  and  curious  series  of  reactions  take  place ; — the  sulphuroos 
acid  withdraws  oiygen  from  the  nitric  add  vapor,  NO',  and  converts  it  into 
deutozyd  of  nitrogen,  NOi,  itself  changing  into  sulphuric  acid,  SO).  Tliis 
last  product  then  uniting  with  the  steam,  is  precipitated  to  the  Irattom  of  the 
chamber,  anJ  is  absorbed  by  the  water,  Tho  dcutoxyd  of  nitrogen  does  not 
remain  unaltered,  but  in  contnct  with  the  air  admitted  into  the  cliamber?, 
absorbs' two  equivalents  of  oxygen,  and  becomes  converted  into  poroiyd  of 
nitrogen,  NO*  forming  red  fumes  {§  341).  These  in  turn,  by  contact  with 
the  Bulphuroua  add,  give  up  their  newly-acquired  o\.ygea  to  fonn  sulphuric 
add,  and  are  reconverted  again  thereby  into  deutoxyd  of  nitrc^n.  And 
tliis  process  is  repealed  over  and  over  again,  a  small  quontitj  of  deutoxyd  of 
nitrogen  acting  as  the  intermediate  agent  for  withdrawing  oxygen  Irom  the  ' 
air,  first  to  ilaelt  and  afterward  giving  it  up  to  oxydate  the  sulphurous  acid. 
Tlie  doutoiyd  of  nitrogen,  together  with  the  remaining  nitrogen  of  the  air, 
is  Snally  allowed  to  escspe  at  the  further  extremity  of  the  chambers,  and  a 
fiiMh  portion  of  nitrio  add  vapor  is  admitted  to  supply  its  place,  and  com- 
meace  tho  reactions  anew.  The  steam  admitted  into  the  chambers  does  not 
take  any  active  part,  but  its  presence  is  essential  to  the  success  of  the  opent- 
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tion.*  The  chambers  in  which  the  acid  is  manufactared  ace  usually  divided 
into  partitions,  in  order  that  the  gases  may  mix  together  slowly  and  com- 
pletely, before  reaching  an  exit  tube  placed  at  the  farther  extremity. 

The  sulphuric  add  which  collects  in  the  water  at  the  bottom  of  the  cham- 
bers, is  drawn  off  when  it  reaches  a  specific  gravity  of  about  1*6 ;  it  is;  how- 
ever, in  this  state  too  dilute  for  sale,  and  is  accordingly  evaporated  by  heat  in 
shallow  lead  pans,  until  it  becomes  strong  enough  to  corrode  the  lead,  when 
it  is  transferred  into  glass  or  platinum  retorts,  f  and  further  heated  until  it 
attains  a  specific  gravity  of  1*84.  In  this  condition  it  constitutes  the  con- 
centrated oil  of  vitriol  of  commerce,  and  \s  transported  in  carboys,  or  largo 
glass  bottles  packed  in  boxes.  Aa  thus  produced,  it  is  a  definite  hydrate, 
composed  of  1  equivalent  of  acid,  and  1  of  water  (SO3,  HO).  This  proportion 
of  water,  amounting  to  three  ounces  in  every  pound  of  acid,  is  held  so  firm!/ 
that  it  can  not  be  driven  off  by  heat     (See  §  322.) 

390.  Ntfrdhausen  Sulphur ic  Acid . — ^In  early  times  sulphuric 
acid  ^aa  obtained  by  distilling  dry  sulphate  of  iron  (green  vitriol)  in  earthen 
retorts,  at  a  high  temperature.  As  thus  prepared,  it  is  a  dark-brown,  thick, 
oily  liquid,  and  was  originally  called,  fix>m  its  derivation,  "  ail  of  viHoV^  It 
is  the  most  concentrated  form  in  which  sulphuric  acid  can  exist  in  a  fluid 
condition,  and  contains  less  water  than  the  ordmaiy  concentrated  sulphnrio 
acid.  When  exposed  to  the  air  it  fumes,  and  when  dropped  into  water, 
hisses  like  a  red  hot  iron.  As  acid  in  this  state  of  concentration  is  required 
for  certain  processes  in  the  arts,  it  is  still  prepared  in  the  old  way,  especially 
at  ,the  town  of  Nordhauson,  in  Saxony,  Germany ; — Whence  its  conunercial 
nama 

Sulphuric  acid  is  known  to  combine  with  water  in  four  proportions,  forming 
four  definite  hydrates.    Theur  composition  may  be  illustrated  as  follows  :— 

Nordhansea  add,  Bp.gr 1*9 S{S03)HO 

OUofYltrlol,  *»    i-84 S03,HO 

Sulphuric  acid  of     "    1-78 808,H04-HO 

"  "  "    IM SOs,H0^2HO(S274.) 

*  The  descrlptloii  of  the  ehemical  changes  iuToIred  in  the  mannfactnro  of  sulphuric  add 
in  the  leaden  ehambers,  as  thus  giren,  is  hut  an  outline,  emhracing  merely  the  funda- 
mental principles.  For  the  minute  details,  not  suited  for  an  elementary  work,  the  stu- 
dent is  referred  to  any  of  the  modern  encyclopedias  of  practical  science. 

t  It  was  originally  the  custom  to  concentrate  the  sulphuric  acid  hy  boiling  it  in  glaas 
vessels,  but  the  loss  from  breakage  is  so  great,  that  in  many  manufacturing  establish- 
ments platinum  stills  have  been  adopted,  this  metal  resisting  the  action  of  the  strongeit 
add  at  high  temperatures.  These  stills  are  constructed  in  Paris  of  thin  sheeto  of  platiaam 
soldered  with  gold.  They  are  oral  in  form ;  and  as  a  protection  against  the  direct  action 
of  heat,  they  are  inclosed  fai  iron  Jackets.  Thdr  capacity  Taries  from  600  to  2,000  poaoda, 
and  their  cost  from  $8,000  (0  $13,000  apiece;  and  althou^  one  of  these  vessels  only  en- 
dures for  a  period  of  two  or  three  years,  their  use  has  proved  more  economical  thaa 
glass. 

QuKgnoNB— What  is  the  density  of  the  add  thus  formed?  To  what  presses  is  U 
subjected  ?  What  is  the  oompodtion  of  concentrated  oil  of  Tltriol  ?  What  is  Nordhaasen 
sulphuric  acid  ?  What  are  its  properties  f  How  many  hydrates  of  sulphuric  add  an 
known! 
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391.  Anhydrous  Sulphuric  Acid.— When  Nordhausen  acid  ia 
carefully  distilled  ia  a  retort  furnished  with  a  receiver  kept  cool  by  a  freezing 
mixture^  whitq  fumes  pass  over,  which  may  be  condensed  into  a  white,  silky- 
iQoking,  fibrous  mass — cmhydroua  sulphuric  acid.  This  substance  possesses 
uo  add  properties,  and  may  be  handled  without  danger.  When  thrown 
into  water,  it  hisses,  and  forms  liquid  sulphuric  acid.  It  also  liquefies  on 
exposure  to  air,  by  the  absorption  of  moisture. 

392.  Properties . — The  oil  of  vitriol  of  commerce  is  a  dense,  oily-look- 
ing liquid,  without  odor,  and  of  a  brownish  color.  It  is  the  strongest  of  all 
adds.  It  fireezes  at  a  temperature  of  — 29^  F.,  and  boils  at  620°  F.  Its  afiSn- 
ity  for  nxHsture  is  most  intense,  and  it  abstracts  it  from  every  substance  with 
which  it  ia  brought  in  contact  If  a  quantity  of  strong  sulphuric  acid  be  ex- 
posed in  a  shallow  dish  to  the  air,  it  fi^quontly  absorbs  sufficient  aqueous 
vapor  from  the  atmosphere  to  double  its  weight.  A  piece  of  wood  introduced 
into  sulphuric  acid  becomes  black  and  reduced  to  coal,  the  same  as  if  it  had 
been  exposed  to  the  action  of  fire.  The  explanation  of  this  is  as  follows:  the 
wood  is  a  compound  of  oxygen,  hydrogen,  and  carbon ;  the  sulphuric  acid 
abstracts  the  oxygen  and  hydrogen,  which  combine  to  form  water,  while  the 
carbon  remains  behind.  Gases  containing  aqueous  vapor  are  deprived  of  it 
by  causing  them  to  bubble  through  strong  sulphuric  acid. 

When  concentrated  sulphuric  acid  is  mixed  with  water,  great  heat  ia 
evolved,  and  the  mixture,  when  cold,  occupies  less  bulk  than  the  two  liquids 
did  separately.    This  fact  may  be  strikingly  illustrated  -pm  1 99 

by  mixing  4  parts  of  oil  of  vitriol  with  1  of  water.    Water 
in  a  test  tube  immersed  in  such  a  solution,  may  be  caused  - 
to  boil    (See  Fig.  129.) 

Sulphuric  acid  does  not  evaporate  at  the  ordinary  tem- 
perature of  the  air ;  but  if  a  drop  of  dilute  acid  &11  upon 
a  cloth,  the  water  gradually  evaporates  until  the  acid 
which  is  left  behind  acquires  a  considerable  degree  of 
strength,  and  then  chars  or  destroys  the  cohesion  of  the 
libers;  hence  the  destructive  action  of  sulphuric  acid 
upon  &brics  even  when  very  much  diluted. — Miller. 

Ordinary  sulphuric  acid  is  never  pure,  but  always  contains  lead  derived 
from  the  leaden  chambers ;  when  mixed  with  water,  this  lead  is  predpitated, 
and  causes  the  solution  to  appear  mUky. 

Sulphuric  add  attacks  all  the  metals  except  gold,  platmum,  iridium,  and 
rodium. 

893.  Hyposulphurous   Acid,   8)0). — By  digesting  sulphur  with 


QunnoKa.— What  U  anhydroiu  salphuric  acid  P  What  are  its  properties  ?  What  are 
the  properties  of  ^*  oU  of  vitriol  T*  What  is  said  of  its  attraction  for  moistnre  ?  What 
•re  illustrations  of  this  t  When  concentrated  solpharic  add  is  mixed  with  water,  what 
foUows?  What  is  said  of  the  action  of  sulphuric  acid  on  fibers  P  What  of  its  purity  P 
What  of  its  action. on  metals  P  What  ia  said  of  hyposulphurotu  acid  and  its  com- 
pounds P 
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a  solution  of  sulphate  of  soda,  a  portion  of  tho  sulphur  is  dissolved,  and  a  salt 
containing  hyposulphurous  acid  is  formed — the  hyposulphite  of  soda.  The 
acid  itself  can  not  be  isolated.  Hyposulphite  of  soda  is  at  present  largely 
employed  in  photograpliic  operations,  owin^  to  its  property  of  dissolving  cer- 
tain salts  of  silver  which  are  insoluble  in  water.  The  surfece  of  the  photo- 
graph is  freed  from  them  by  immersion  in  a  solution  of  it ;  after  which,  if  weQ 
washed  with  water,  it  is  no  longer  liable  to  alteration  by  exposure  to  light. 

394.  Snlphnr  and  IlydrogNi. 

Hjdro&nlphurie  Acid,  HS. — Sulphuretted  Hydrogen, 
Sulphydric  Acid. — This  gas  is  formed  naturally  during 
the  putrefaction  of  many  organic  substances,  and  is  also  a 
constituent  of  many  mineral  springs.  It  is  easily  prepared 
by  the  action  of  dilute  sulphuric  acid  upon  protosulphide 
of  iron,  FeS.» 

Fig.  130.  ^^^  *^^  purpose  an  evolution  flask    (Fig.   130)  is  best 

adapted;  but  a  common,  open-mouthed  bottie,  fitted  wil^  a 
perforated  cork  and  bent  tube,  will  __ 

answer.  (See  Fig.  131.)  Introduce 
into  the  flask  protosulphide  of  iron  in 
small  quantities,  with  water  sufficient 
to  cover  it;  then  add  sulphuric  acid 
until  a  copious  disengagement  of  gas 
takes  place.  By  introducing  tho  evolu- 
tion tube  into  cold  water,  a  solution  of 

the  gas  will  be  obtained,  in  which  state  its  pcpperties  may  be  ex- 
perimentally illustrated  to  the  best  advantage.  The  operation  of  preparing  the 
gas  should  be  conducted  in  a  well-ventilated  apartment,  or  in  the  open  air. 

The  chemical  reaction  involved  in  this  operation  is  as  follows :  water  is  de- 
composed ;  its  oxygen  uniting  with  the  iron  to  form  oxyd  of  iron,  which 
dissolves  in  the  acid  to  form  sulphate  of  iron,  while  the  hydrogen  escapes,  and 
takes  with  it  the  sulphur  contained  in  the  sulphide  of  iron.     Thus: — 

Sulphide  of  Iron.        Sulphnrfc  acid  (dilate).        Salphiito  of  iron.        Hydroinlpli.  add. 

FeS      +      SOa,  HO      —     FeO,  SO,     +     HS. 

395.  Properties  . — Hydrosulphuric  acid  is  a  transparent,  colorless  gas, 
of  a  disgusting  odor,  like  that  of  rotten  eggs.  It  is  about  one  flfl;h  heavier 
than  common  air,  and  bums  with  a  blue  flanle,  with  a  smell  of  sulphur.  It 
i3  highly  poisonous  when  respired  in  a  concentrated  form,  and  even  when 


*  Protosulphnret  of  iron  is  prepared  by  heating  3  parts  of  iron  filingis  willi  li  p«rts  of 
sulphur,  to  a  red  heat,  in  a  covered  earthen  crucible. 

.  QvESTioiTS. — ^What  of  hydrosulphuric  acid?  How  is  it  prepared  ?  What  chemical  re- 
actions are  involred  in  its  preparation  ?  What  is  said  of  its  properties  ?  What  of  ita 
poisonous  effects? 
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present  in  the  air  in  very  minute  proportions,  it  is  rapidly  fatal  to  the  lower 
orders  of  animals,  A  single  gallon  of  it,  mixed  with  1,200  of  air,  will  render 
it  poisonous  to  birds,  and  1  in  100  will  kill  a  dog.  When  inhaled.it  acts  di- 
rectly upon  the  blood,  thickening  it,  and  turning  It  black.  It  is  this  gas  which 
makes  an  op§n  or  foul  sewer  so  destructive  of  health  to  any  district  in  which 
it  may  be  situated.  When  present  in  the  air  of  a  room,  it  may  be  instantan- 
eously destroyed  by  the  action  of  a  small  quantity  of  free  chlorine.  A  cloth 
moistened  with  alcohol,  and  held  before  the  mouth,  is  a  good  protection  also 
against  its  inhalation. 

By  pressure,  sulphuretted  hydrogen  is  reduced  to  a  colorless  liquid,  which 
freezes  at,  — 122^  F.  into  a  crystalline,  semi-transparent  mass.  Cold  water 
disBolyes  between  two  and  three  times  its  bulk  of  this  gas,  producing  a  feebly 
acid  liquid,  which  possesses  the  characteristic  smell  and  taste  of  sulphuretted 
hydrogen,  with  all  its  properties.  When,  exposed  to  the  air,  this  solution  be- 
comes milky ;  the  hydrogen  being  slowly  oxydized  to  form  water,  while  the 
sulphur  separates.  The  solution,  therefore,  should  be  kept  in  well-stopped 
bottles,  quite  full. 

Sulphuretted  hydrogen  is  formed  naturally  under  a  variety  of  circumstances. 
Its  chemical  proportions  being  1  equivalent  of  hydrogen  (1)  to  1  of  sulphur 
(16),  it  follows  that  100  parts  of  the  gas  contain  only  about  6  parts  of  hy- 
drogen ;  so  that  a  very  small  proportion  of  hydrogen  causes  a  large  amount 
of  sulphur  to  assume  with  it  an  aeriform  condition,  and  exhibit  the  foetid  odor 
and  poisonous  properties  of  the  gas  in  question.  In  volcanic  countries  sul- 
phuretted hydrogen  is  often  evolved  from  fissures  in  the  rocks,  mixed  with 
steam  and  other  gases ;  in  sewers  and  cesspools  it  is  produced  in  large  quan- 
tities by  the  decay  of  organic  matter,  and  in  marshes,  where  vegetable  mat- 
ter alone  is  undergoing  decay,  in  the  presence  of  water  containing  sulphate 
of  lime  (gypsum),  its  presence  may  be  oflen  detected.  The  waters  of  mineral 
springs,  as  those  of  Avon  and  Sharon,  N.  Y.,  and  the  sulphur  springs  of 
Yirginia,  often  contain  sulphuretted  hydrogen,  though  rarely  in  a  proportion 
exceeding  1^  per  cent  of  their  volume ;  and  the  gas  in  solution  in  this  small 
quantity,  when  taken  into  the  stomach,  acts  as  a  valuable  medicinal  remedy 
for  various  diseases. 

Hydrosulphuric  acid,  though  a  feeble  acid,  combines  readily  with  bases  to 
form  sulphides,  or  sulphurets.  Thus,  if  we  place  a  drop  of  sulphuretted 
hydrogen  water  upon  a  bright  silver  or  copper  coin,  or  upon  a  piece  of  lead, 
ft  black  spot  will  be  quickly  produced,  owing  to  the  formation  of  a  black 
compound  of  the  metal  and  sulphur  (a  sulphide).  The  black  sulphide  of  lead 
formed  when  hydrosulphuric  acid  is  brought  in  contact  with  the  salts  of  lead, 
is  particularly  noticeable,  and  may  be  exhibited  by  exposing  a  piece  of  paper 
moistened  with  acetate  of  lead  to  air  impregnated  with  this  gas.  This  test  is 
so  deiioate,  that  1  part  of  sulphuretted  hydrogen  in  20,000  of  air  is  said  to 

QuKBTiOKS. — What  is  said  of  the  solability  of  this  gas  ?  What  of  Its  natural  formation 
mod  proportional  aomposition  ?  What  is  said  af  its  preaence  la  mineral  springs  t  What 
of  its  combinations  with  the  metals  ? 
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be  8u£Bcient  to  occasion  a  blackening  of  the  paper.  For  the  same  reason, 
sur&ces  covered  with  lead  paints,  in  the  vicinity  of  sewers,  cesspools,  or  the 
bilge- water  of  vessels,  etc.,  soon  become  discolored.  Sulphur  unites  with  zinc 
in  the  same  manner  as  with  lead,  but  the  resulting  compound,  sulphide  of 
zinc,  is  white,  and  not  dark  colored  like  the  sulphide  of  lead.  Hence  zmo 
paints,  for  many  locations,  are  more  suitable  J;han  lead  paints: 

When  hydrosalphuric  acid,  either  in  the  form  of  gas  or  solution,  is  added 
to  a  solution  containing  copper,  silver,  gold,  lead,  tin,  antimony,  or  arsenic, 
these  metals  are  precipitated  as  insoluble  sulphides,  and  may  be  collected  and 
separated  from  the  solution  by  filtration.  If  iron,  zino,  manganese,  cobalt, 
and  nickel  are  contained  m  the  same  solution,  they  are  not  precipitated  until 
a  stronger  reagent  is  added.  Hence  sulphuretted  hydrogen  may  be  used  to 
separate  one  class  of  metals  from  another ;  and  in  &ct  is  employed  extensively 
for  this  purpose  in  chemical  analysis. 

SECTION    X. 

BELXNIUM    AVD    TELLUBIVH. 

396.  Seleninni)  8e . — ^This  element  was  discovered  by  Berzelius  in 
1817,  and  was  named  by  him  Selenium,  from  2eX]7^^,  the  moon.  It  is  one  of 
tHe  least  abundant  of  the  elements,  and  always  occurs  in  combination,  gen- 
erally in  ores  of  iron,  copper,  and  silver,  forming  selenides  of  these  metals. 
The  principal  localities  in  which  it  exists  are  in  Norway,  Sweden,  and  the 
Hartz  mountains  of  Germany.  It  is  a  dark-brown,  brittle  solid,  opaque,  and 
possessing  a  metallic  luster  somewhat  like  lead.  It  closely  resembles  sulphur 
in  its  properties,  and  forms  acid  compounds  with  oxygen  (selenious  and  se- 
lenic  acids)  analogous  to  sulphurous  and  sulphuric  acids.  When  heated 
strongly  it  gives  out  a  powerM  odor,  like  putrid  horse-radish,  by  means  of 
which  the  smallest  trace  of  this  element  may  be  detected  in  minerals^  when 
heated  before  the  blow-pipe. 

397.  Tellurium^  Te^isa rare  substance,  found  chiefly  in  the  mines 
of  Hungary  and  Transylvania;  sometimes  native  and  nearly  purO)  but  gen- 
erally combined  with  various  metals,  such  as  gold,  silver,  bismuth  and  cop- 
per. It  is  a  silver-white,  brittle  solid,  possessing  a  strong  metallic  luster, 
and  by  some  authorities  is  classed  among  the  metals.  It  is,  however,  dosdy 
allied  to  sulphur  and  selenium  in  all  its  properties  and  combinations. 

Selenium  and  tellurium  both  unite  with  hydrog^i  to  form  gaseous  com- 
pounds, of  singularly  offensive  and  noxious  properties.  A  single  bubble  of 
seleniuretted  hydrogen  allowed  to  eacange  into  a  room,  produces  on  those  who 


QvnmoijrB. — Why  do  Borfiwes  painted  wiUi  lead  blacken  on  erpoanro  to  this  gasf 
Why  are  sine  paints,  for  many  situations,  preferable  to  lead  f  Explain  the  manner  io 
which  hydrorolphnric  add  is  used  in  chemical  analysis.  What  li  said  respecting  sele- 
nium ?  What  are  its  characteristic  properties  ?  What  is  tellnriam  ?  What  are  its-prop- 
erties? What  is  said  of  the  compounds  of  selenium  and  teUorium  with  hydrogea? 
What  effect  has  tellurium  upon  the  animal  system  f 
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breatho  it,  all  the  usual  symptoms  of  a  severe  cold  and  irritation  of  the 
throati  which  continue  for  several  days.  But  the  most  singular  fact  connected 
with  tellurium  is,  "  that  when  certain  odorless  preparations  of  this  element 
are  taken  internally,  they  form  compounds  within  the  animal  organization 
which  impart  to  the  breath  and  the  perspiration  so  foetid  an  odor  as  to  render 
the  person  taking  it  a  kind  of  horror  to  every  one  he  approaches ;  and  this 
lasts  sometimes  for  weeks,  though  the  dose  of  tellurium  admiaistered  may  not 
exceed  a  quarter  of  a  grain." — Johnson. 

SECTION    XI. 

PHOSPHORUS. 

Ejuivalentf  32.     Symbol,  P.    Jkrmty,  1*863. 

898.  History.— The  credit  of  the  discovery  of  phosphorus 
is  ascribed  to  Brandt^  an  alchemist  of  Hamburg^  who 
first  recognized  it  while  searching  for  the  philosopher's 
stone  in  human  urine^  in  the  year  1669.  Its  method  of 
preparation  was,  however,  for  a  long  time  kept  secret. 

399.  Natural  History  and  Distribution. — Phosphorus  is 
neyer  found  in  nature  in  a  free  state,  but  exists  in  small  quantities,  widely  dif- 
fused, in  tiie  mineral  kingdom,  principally  in  combination  with  lime.  It  is  a 
constituent  of  most  of  the  primitive  and  volcanic  rocks,  and  by  the  decay  of 
these  it  passes  into  the  soil ;  from  the  soil  it  is  extracted  by  plants,  which 
accumulate  it,  particularly  in  their  seeds  (wheat,  com,  oats,  etc.).  Han 
and  animals  deriving  their  support  du-ectly  or  indirectly  from  plants,  in  turn 
cc^ect  it  in  their  systems — ^in  such  quantities  that  animal  products  furnish 
almost  the  only  source  from  which  phosphorus  is  artificially  prepared.  United 
with  oxygen  and  with  Ume,  it  forms  the  principal  mineral  constituent  of  tho 
bones.  Thus  the  body  of  an  adult  man  contains  from  9  to  12  pounds  of 
bones,  which  contain  from  5  to  7  pounds  of  phosphate  of  lime  (phosphoric 
add  and  lime),  or  from  1  to  2  pounds  of  pure  phosphorua*    "  Phosphorus 

*  No  seed  cnltable  to  l>eeome  food  for  man  and  animals  can  be  formed  In  any  plant  with- 
oot  the  preaenoe  and  cooperation  of  the  phosphates,  and  a  field  in  which  phosphate  of 
lime,  or  the  alkaline  phoqthates  form  no  part  of  the  soil.  Is  totally  incapable  of  producing 
grain,  peas,  or  beans. 

Animals  which  are  fed  on  food  which  contains  no  phosphate  of  lime,  gradnally  lose  their 
nenrous  irritability,  and  sink  into  a  state  of  inanition  and  torpor,  which  is  speedi^  followed 
by  death.  A  defideney  of  phosphate  of  lime  in  the  food  of  young  children,  is  also  liable  to 
produce  a  disease  known  as  the  rickets.  As  animals  deriTe  the  phosphate  of  lime  neces« 
sary  for  their  support  either  directly  ior  indirectly  from  plants,  and  as  these  in  turn  ex- 
tract it  from  the  soil,  it  is  evident  that  the  fortuity  of  a  soil  can  only  be  sustained  by  re- 
storing to  it  the  constituents  thus  abstracted  from  it.  Hence  the  VNlue  of  bones  and 
animal  products  which  contain  phosphate  of  lime  (as  guano)  as  manures  for  wheat  and 
plants  of  like  oharacter. 

QvBBTioirs.— Whatis  the  history  of  phosphorus?  What  is  said  of  its  distribution  in 
nature  ?    In  what  eonditioB  does  it  exist  most  abundantly  f 
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also  appears  to  be  essential  to  the  ezeiciso  of  the  higher  fiinctioiis  of  the 
animal,  since  it  exists  as  a  never-fiuling  ingredient  in  the  substance  of  which 
the  brain  and  nenres  are  composed." 

400.  Preparation . — ^Phosphorus  was  formerly  extracted  from  urine, 
but  at  the  present  time  it  is  obtained  almost  exclusively  from  bones,  from 
which  immense  quantities  are  prepared  for  the  manufacture  of  matches  and 
other  usea 

The  details  of  the  process  of  preparation  are  briefly  as  follows : — ^The  bones 
are  first  burned  to  whiteness  and  then  reduced  to  a  fine  powder,  which  pow- 
der, being  a  phosphate  of  lime,  insoluble  in  water,  is  technically  known  in 
chemistry  and  the  arts  as  "  bone-ash."  So  much  sulphuric  acid  and  water 
IS  then  added  to  a  suitable  quantity  of  bone-ash  as  will,  in  the  course  of  a 
few  days,  partially  decompose  it — ^two  thirds  of  the  lime  unitmg  witli  the 
sulphuric  acid  to  form  an  insoluble  sulphate  of  lime,  while  the  remaining  one 
third  continues  in  combination  with  the  whole  of  the  phosphoric  acid  to  form 
a  new  compound,  which  is  readily  soluble  in  water.  This  new  compound  is 
called  superphoaphoUe  of  Umt^  and  of  late  years  has  been  extensively  intro- 
duced into  agriculture,  as  a  ready  means  of  supplying  exhausted  soils  with 
the  phosphorus  needed  for  the  production  of  crops.  The  chemical  reaction 
which  takes  plaoe  may  be  expressed  in  symbols  as  follows : — 

BoW'Mh.  Solph.  add.  Sopcrphosph.  Hbm.  Salph.  linM. 

3CaO,POs  +  2(S08,HO)  —  2HO,CaO,POi  +  2(CaO,SO,) 

The  insoluble  sulphate  of  lime  and  the  superphosphate  of  lime  dissolved  in 
the  acid  solution,  are  then  separated  fh>m  each  other  by  filtration,  and  the 
latter,  evaporated  to  a  syrup,  is  mixed  with  charcoal,  and  heated  in  an  iron, 
or  earthen  retort  Under  these  circumstances  the  charcoal  decomposes  the 
superphosphate  of  lime; — ^phosphorus  rises'as  a  vapor,  and  passing  into  cold 
water,  is  collected  and  condensed  into  a  solid.  The  crude  phosphorus  thus 
obtained  is  purified  by  melting  under  water,  and  is  then  cast  into  sticky  in 
which  form  it  is  sold. 

401.  Properties  . — ^Phosphorus  exists  in  two  conditions,  viz. :  in  an 
ordmary  state,  and  in  an  allotropic  state.  In  its  ordinary  state  it  is  a  soft,  semi- 
transparent,  almost  colorless,  waxy-looking  solid.  It  is  insoluble  in  water, 
but  readily  soluble  in  ether,  alcohol,  and  in  various  oils. 

At  all  temperatures  above  32^  F.,  phosphorus,  when  exposed  to  the  air, 
slowly  combines  with  oxygen,  and  emits  a  feeble  light,  readily  perceptible  in 
the  dark  (hence  its  name,  fh>m  ^o^,  lighi,  and  ^epeiv^  to  bear).  Exposed  to  a 
temperature  of  about  60^  F.  it  bursts  into  a  flame.  This  extreme  combusti- 
bility of  phosphorus  renders  it  necessary  to  keep  it  continually  under  water, 
from  which  it  should  be  taken,  for  the  purpose  of  experiment,  with  great  cau- 
tion, and  be  held  with  a  pair  of  forceps,  or  upon  the  point  of  a  knife.    When- 

Quivnoirs How  Is  phosphonis  obtnined  ?    Whatis  Buperphosphate  of  lime?    What 

ts  the  chemical  reaction  involTed  In  its  mann&eture  f  What  are  the  properties  of  ordinary 
phosphorus  ?    What  is  s^d  of  Its  solubility  ?    What  of  its  inflaomiabiUty  ? 
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erer,  also,  it  is  desirable  to  cut  it  into  fragments,  the  operation  should  be  per- 
formed under  water.  The  bums  occasioned  hy  melted  phosphorus  are 
extremely  severe,  from  the  difficulty  of  extinguishing  the  flame. 

Phosphorus  is  also  easily  ignited  by  friction,  and  for  this  reafton  is  em- 
ployed in  the  manufacture  of  matches.  It  bums  in  the  air  with  a  brilliant 
flame,  and  in  pure  oxygen  gas  with  a  light  so  dazzUng  that  the  eye  can  hardly 
sustain  it     (§  282.) 

At  a  temperature  of  111°  F.,  air  being  excluded,  phosphoms  melts;  and 
when  fused  under  water,  it  can  be  molded  as  readily  as  wax.  At  650©  F., 
in  close  vessels,  it  boils,  giving  off  a  colorless  gas.  A  solution  of  phosphorus 
in  naphtha,  by  cooling  and  evaporation,  yields  crystals  of  phosphorus.  Very 
fine  crystals  of  phosphorus  may  be  also  obtained  by  exposing  phosphorus  to 
sunlight  m  a  tube  either  exhausted  of  air,  or  filled  with  a  gas  which  can  not 
oxydize  it. 

Tlie  following  experiments  illustrate  some  of  the  characteristics  of  this 
element : —  ' 

Place  in  a  glass  flask  about  a  quarter  of  an  ounce  of  ether  and  a  piece  of 
phosphorus  of  the  size  of  a  pea.  Cork  the  flask  and  allow  it  to  stand  some 
days,  frequently  agitating  it.  In  this  way  an  ethereal  solution  of  phosphorus 
will  be  obtained,  which,  when  rubbed  upon  the  hands,  renders  them  luminous 
in  the  dark.  The  explanation  of  this  phenomenon  is,  that  the  ether  evapo- 
xates,  and  leaves  the  phosphorus  wliich  it  held  in  solution  upon  the  hands  in 
a  state  of  minute  subdivision.  In  this  condition  it  combines  with  the  oxygen 
of  the  air,  or  undergoes  a  slow  combustion,  difiusing  a  white  smoke  and  a 
pale  greenish  light  Heat  is  at  the  same  time  evolved,  but  not  sufficient  to 
occasion  ignition.  By  rubbing  the  hands,  the  light  is  rendered  more  vivid, 
as  a  fresh  surface  of  phosphorus  is  thus  continually  presented  to  the  oxygen 
of  the  air. 

If  we  moisten  a  lump  of  white  sugar  with  an  ethereal  solution  of  phos- 
phorus, and  throw  it  into  hot  water,  the  heat  of  the  water  will  volatilize  both 
the  ether  and  the  phosphorus ;  and  the  vapors,  in  rising  to  the  surface  of  the 
water,  and  coming  in  contact  with  the  oxygen  of  the  air,  will  inflame  spon- 
ianeously. 

If  we  pour  an  ethereal  solution  of  phosphorus  upon  fine  blotting-paper,  the 
latter  will  ignite  spontaneously  after  the  ether  has  evaporated. 

If  we  place  a  piece  of  phosphorus  of  the  size  of  a  pea  upon  blotting-paper^ 
and  sprinkle  over  it  some  soot  or  finely-pulverized  charcoal,  the  phosphorus^ 
after  a  little  time,  melts,  and  at  length  spontaneously  inflames.  The  finely- 
pulverized  charcoal  causes  this  combustion,  owing  to  its  porosity,  which  en- 
ables it  to  readily  absorb  oxygen  from  the  air.  This  oxygen  is  in  turn  im- 
parted to  the  phosphorus,  and  by  uniting  with  it,  occasions  heat,  whidi, 
prevented  by  the  non-conducting  properties  of  the  charcoal  fix)m  escaping, 
accumulates,  and  occasions  combustion. 

QusBTiONs. — ^What  property  renders  phosphorus  arailable  f)r  the  manufocture  of 
matches  t    What  experiments  illustrate  the  characteristics  of  phosphorus? 
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Phosphoros  when  takea  internally  is  a  most  violent  poison,  and  in  combin- 
ation with  other  substances,  is  frequently  used  for  the  destruction  of  rats  and 
vermin.  The  so-called  rat-exterminating  poison  is  composed  of  1  dram  of 
phosphorus,  8  ounces  of  hot  water,  and  8  ounces  of  flour. 

402.  Aliotropic  or  Amorphous  Phosphorus . — ^It  has  long 
been  noticed,  when  phosphorus  is  exposed  to  the  action  of  light  for  a  consid- 
erable length  of  time,  that  its  exterior  becomes  coated  with  a  red  powder,  and 
that  the  same  product  is  formed  when  phosphorus  is  burned  with  a  limited 
supply  of  air.  This  red  powder  was  always  supposed  to  be  an  oxyd  of  phos- 
phorus) but  within  a  recent  period,  Prof  Schrotter  of  Vienna  has  succeeded 
in  demonstrating  that  the  substance  in  question  is  merely  an  aliotropic  state 
of  ordinary  phosphorus.  He  has  shown  that  if  ordinary  phosphorus  be  sub- 
mitted to  the  action  of  a  prolonged  heat,  within  certain  limits,  and  under 
circumstances  involving  an  entire  exclusion  of  oxygen,  it  becomes  converted 
into  a  brick-red  substance ; — "  not  soluble  in  any  of  the  ordinary  solvents  of 
phosphorus — not  igniting  by  ordinary  friction — not  luminous  at  ordinary  tenf- 
peratures — ^not  poisonous ;  distinguished,  in  fad,  for  negative  properties,  as 
common  phosphorus  is  for  active  ones ;  and  yet  this  wonderful  change  is  only 
molecular;  that  is,  the  phosphorus  is  not  converted  into  a  compound :  it  has 
combined  with  nothlDg,  it  has  lost  nothing,  but  its  particles  have  probably 
arranged  themselves  with  respect  to  each  other,  in  a  manner  different  from 
that  of  the  particles  of  common  phosphorus."  Common  phosphorus  we  are 
obliged  to  keep  in  water,  for  the  purpose  of  g^uarding  against  spontaneous 
combustion ;  aliotropic  phosphorus,  however,  may  be  kept  unchanged  in  at- 
mospheric air,  and  may  be  handled  or  even  carried  in  the  pocket  with  im- 
punity. Exposed  to  a  temperature  of  about  480°  F.,  it  melts,  and  returns  to 
the  condition  of  ordinary  phosphorus ;  and  at  a  temperature  of  500°  it  bursts 
into  flame  with  a  sort  of  explosion.  The  identity  of  the  two  substances  is 
proved  by  their  ready  conversion  mto  each  other,  and  by  the  "fact  that  the 
compounds  which  they  form  with  other  bodies  are  the  same. 

403.  Matches  • — Some  notice  of  the  history  and  manu&cture  of  matches 
is  appropriate  in  connection  with  the  subject  of  phosphorus. 

The  comparatively  low  temperature  at  which  sulphur  ignites,  early  sug* 
gested  its  application  to  the  end  of  a  strip  of  dry  wood,  as  a  means  of. procur- 
ing flame.  The  old  sulphur  match  was  chiefly  used  in  connection  with  a  fl  nt 
ftnd  steel,  and  a  box  for  holding  tinder.  The  tinder,  formed  by  the  partial 
combustion  of  a  linen  or  cotton  rag,  was  flrst  ignited  by  means  of  a  spark 
resulting  from  a  collision  of  a  flint  and  steel,  and  this  in  turn  communicated 
the  flre  to  the  match.  Fifly  years  ago^  a  "  tinder-box"  was  as  much  an  indis- 
pensable article  of  household  economy  as  a  paper  of  matches  is  at  the  present 
day. 

Soon  after  the  discovery  of  phosphorus,  attempts  were  made  to  use  it  as  a 

QyxsnoNB. — ^What  is  taid  of  the  poisonouti  proj;>crtieB  of  phosphorus  P  What  ia  rat- 
poison  ?  What  is  said  of  aliotropic  phosphoras  ?  In  what  respects  does  allotropio  differ 
from  ordinary  phosphorus  ?  Plow  can  wc  prove  that  aliotropic  and  common  phosphoras 
are  the  same  ?    What  is  said  of  the  history  and  oiijfin  of  matches  ? 
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method  of  procuring  flro,  but  its  costliness  prevented  its  general  introduction 
and  use^for  this  purpose,  for  nearly  one  hundred  and  fifty  years.  One  of  the. 
first  methods  of  applying  it  was  to  put  a  piece  of  phosphorus  in  a  phial,  and 
then  to  stir  it  with  a  hot  iron  wire ;  the  phosphorus  was  partially  burnt  m  the 
confined  portion  of  air,  and  the  interior  of  the  bottle  became  covered  with  an 
ozyd  of  phosphorus;  on  removing  the  wire,  the  phial  was  corked  tightly  for 
vse.  When  a  light  was  wanted,  a  common  sulphur  match  was  dipped  into 
the  bottle,  and  a  small  portion  of  the  phosphoms  adhering  to  the  tip,  flame 
was  produced  by  the  energetic  chemical  action  of  the  sulphur  and  the  phos- 
phorus. Yarious  other  inventions  were  employed  for  procuring  fire ; — such 
as  liie  sudden  condensing  of  air  in  a  syringe  fUmished  with  a  piston  and  an 
arrangement  for  holding  tinder— apparatus  for  igniting  tinder  by  an  electric 
spark — Doberemer's  Lamp  (§  297),  etc.,  etc.  In  fact,  during  the  whole  of  th*. 
last  century,  and  even  later,  the  invention  of  a  safe,  convenient,  and  reliabk 
agent  for  kindling  a  fire  or  light,  was  regarded  as  one  of  the  great  wants  of 
the  age. 

The  next  important  step  taken  in  perfecting  the  match,  was  the  employ- 
ment of  chlorate  of  potash.  The  match  stick  was  tipped  with  a  mixture 
of  chlorate  of  potash  and  sugar,  and  ignited  by  Inunersion  in  a  litde  bot- 
tle containing  asbestos  soaked  in  sulphuric  acid.  (For  explanation  of  this 
phenomenon  see  §  368.)  Matches  thus  prepared  were  put  up  in  cases,  which 
contained  in  one  compartment  a  small  bottle  of  acid.  Their  price,  when  first 
introdaced,  was  $4  75  for  a  case  of  100 ;  but  subsequently  was  reduced  to 
60  cents.    These  matches  continued  in  use  until  within  a  very,  recent  period. 

The  next  important  invention  was  that  of  the  so-called  "  Lucifer  Matches," 
which  were  tipped  with  a  paste  of  chlorate  of  potash  and  sulphuret  of  anti- 
mony mixed  with  starch,  and  were  ignited  by  drawing  the  match  between 
two  surfaces  of  sand-paper.  These  were  the  first  fiiction  matches.  In  1834, 
phosphorus  was  substituted  in  the  place  of  antimony,  and  the  match  was  ig^ 
nited  by  fi:iction  upon  any  rough  surface.  Subsequently,  saltpeter  was  sub- 
stituted in  the  place  of  chlorate  of  potash,  which  produced  quiet  ignition. in- 
stead of  detonation. 

The  details  of  the  manufacture  of  matches  at  the  present  time  are  generally 
as  follows:  The  ends  of  the  wooden  match-splints,  which  are  sawed  by  ma- 
chinery, are  first  sulphured,  by  immersion  in  a  pot  of  melted  sulphur.  When 
driisd,  they  are  next  dipped  in  the  phosphorus  composition,  which  is  a  paste 
prepared  by  mixing  together  in  a  hot  solution  of  glue,  or  gum,  in  water,  phosr 
phorus,  saltpeter,  and  generally  red-lead  and  some  coloring  ingredients ; — if 
the  tips  of  the  matches  are  to  be  red,  vermiUion  is  added ;  or  if  blue,  Prus- 
sian blua 

The  various  reactions  which  take  place  when  a  match  is  fired  are  as  follows : 
the  phosphorus  contained  in  the  composition  is  first  ignited  by  the  heat 


QuMTions. — What  were  some  of  the  early  methods  retorted  to  for  the  purpose  of  ob- 
tainiag  a  light?  When  was  phosphoms  first  applied  to  the  manufactare  of  matches  J^ 
What  were  the  first  friction  matches?  How  are  matches  manufactured?  What  chem- 
ical reactions  are  involved  in  the  firing  of  a  matcli  ? 

12* 


274  INOBGANIC    CHEMISTRY. 

evolved  by  ftiction  or  compression;  and  the  heat  eccasioned  by  its  combuf^on 
decomposes  the  saltpeter  and  the  red-lead;  thise  substances,  m  their  decom' 
position,  evolve  oxygen,  which  supports  the  flame,  adds  to  its  heat,  and  en- 
ables it  to  ignite  the  sulphur,  which  in  turn  inflames  the  wood.  The  odor  of 
a  burning  match  is  occasioned  by  the  combustion  of  the  sulphur,  and  in  some 
recent  inventions,  has  been  obviated  by  the  substitution  of  stearine  in  the 
place  of  sulphur.  The  temperature  required  for  kindling  matches  varies  from 
160  to  160O  F.* 

The  manu&cture  of  matches  is  attended  with  danger,  not  only  from  the 
highly  inflammable  nature  of  the  ingredients  used,  but  also  ftom  the  fact,  that 
a  continued  exposure  to  the  vapor  of  phosphorus,  produces  a  disorganization 
of  the  jaw-bones,  causing  excruciating  suffering,  and  usually  terminating  in 
death.  The  phosphorus,  in  the  first  instance,  attacks  a  little  spot  of  decAj 
upon  a  tootli,  and  Scorn  this  ulceration  spreads  with  great  rapidity.  Of  these 
evils  the  first  is  greatly  lessened,  and  the  second  altogether  avoided,  by  the 
use  of  the  amorphous  or  allotropic  phosphorus,  before  described. 

404.  Compounds  of  PhoHphorns  with  Oxygen.  —  Phos- 
phorus unites  with  oxygen  to  form  four  compounds,  viz. : — 

Compo8«d  by  weight  of 

r »■ » 

Fhoflphorio  «cid l^i  82  phosphorus  40  oxygen. 

Phosphorous  add P0»  83  »•  24       " 

Hypophosphovous  acid PO  83  "  8       ** 

Oxyd  of  Phosphorus PsO  64  "  8       " 

405.  Phosphoric  Acid,  P(P.  — This  acid,  which  is  the 
most  important  of  the  oxyds  of  phosphorus,  is  the  sole 
product  of  the  rapid  combustion  of  phosphorus  in  oxygen, 
or  atmospheric  air. 

It  appears  as  a  dense  white  vapor,  which  condenses  on  cooling  into  a  white 
powder.  It  may  be  easily  collected  by  burning  phosphorus  in  aur  under  a 
dry  bell  glass.  As  thus  prepared,  it  has  so  great  an  avidity  for  water,  that 
when  brought  in  contact  with  it,  it  hisses  like  a  hot  iron.  Exposed  to  the 
jair  for  a  few  moments,  it  absorbs  moisture,  and  deliquesces  to  a  liquid.  When 
once  converted  mto  a  hydrate,  water  can  not  be  entirely  separated  from  it 
Its  solution  is  intensely  acid,  and  when  evaporated  to  dryness,  yields,  on  cool- 
ing, a  glassy,  transparent  solid,  known  as  glacial  phosphoric  acid, 

Phasphoric  add  may  also  be  prepared  by  the  action  of  nitric  acid  on  phos- 
phorus, and  also  from  bones,  by  the  action  of  sulphuric  acid.     It  combines 

*  Some  idea  of  the  importance' of  the  manufacture  of  matches  as  a  branch  of  industrial 
art,  may  be  formed  from  the  following  statistics  of  materials  consumed  in  Austria  in  one 
year,  1849,  for  this  purpose— 126,000  lbs.  of  saltpeter,  82,600  lbs.  of  phosphorus,  1,600,000 
lbs.  of  sulphur. 

^      Quwno»s.-~What  is  the  temperature  required  for  kindling  a  match  7    What  efBset  has 
'    the  Tapor  of  phosphorus  upon  the  animal  system?    What  compounds  does  phosphomt 
form  with  oxygen  t    How  is  phosphoric  add  prepared  f    What  are  its  properttes  f 


pnospHORUS.  275 

with  water  in  three  proportions,  to  form  three  distinct  h  jdrates^  which  unite 

with  bases  to  form  three  classes  of  salts.    The  nomenclature  and  composition 

of  these  hydrates,  which  are  of  great  sd^tifio  interest,  may  be  represented  as 

follows : —  .  . , 

Acids. 

Monobasic  or  metaphosphoric  add HO.PO5, 

Bibasic  or  pyrophosphoric  acid 2HO.P06, 

Tiibasic  or  common  phosphoric  acid SHO.POs. 

It  is  in  the  form  of  phosphoric  acid,  united  with  some  base,  generally  lime 
or  magnesia,  that  phosphorus  exists  in  the  bones,  in  the  seeds  and  tissues  of 
plants,  and  in  the  soil. 

406.  Phosphorus  Acid,  POgis  the  prmcipal  product  which  results 
from  the  slow  combustion  which  occurs  when  phosphorus  is  exposed  to  the 
oxygen  of  the  atmosphere.  It  may  also  be  formed  by  burning  phosphorus 
with  a  limited  supply  of  air. 

The  other  oxyds  of  phosphorus  are  comparatively  unimportant. 

407.  PhoHphorus  and  Hydrogen. — Phosph  uretted  Hy- 
drogen) P  Hj, — ^Phosphorus  unites  with  hydrogen  in  three  proportions  to 
form  three  compounds;  one  of  which,  a  gas,  phosphuretted  hydrogen,  pos- 
sesses the  property,  under  certain  circumstances,  of  inflaming  spontaneously 
on  exposure  to  air,  or  oxygen  gas. 

This  substance  is  conveniently  prepared  by  heating  fragments  of  ph6sphorus  in 
a  retort,  with  a  strong  solution  of  caustic  potash,  or  cream  of  Ume,  prepared  from 
lime  recently  slacked.*   On  the  PiG.  132. 

application  of  a  gentle  heat  to 
the  retort,  the  beak  of  which  is 
caused  to  dip  slightly  beneath 
the  surface  of  water,  the  gas  is 
evolved,  and  the  bubbles,  as 
theyiise  and  come  in  contact 
with  the  air,  spontaneously  in- 
flame. (See  Fig.  132.)  Each 
bubble,  as  it  breaks  and  ignites, 

Fio.  133.  produces  a  beautiful  white  wreath  of  smoke  (vapor 

^^-^^^jVi^  fyft^js       of  phosphoric  acid),  composed  of  a  number  of  concen- 
^V  J>i^>KKl4f^^  trie  rings,  revolving  around  the  axis  of  the  wreath,  as 
'  '*^'?7^/^^TJ^^5^5'^   ^*  ascends  (see  Fig.  133);  thus  tracing  before  the  eye, 
'^^'^^A^xf^X^^       with  perfect  distinctness,  the  peculiar  gyratory  move- 

•  In  this  experiment  it  is  best  to  employ  a  very  small  flask  or  retort,  and  in  order  to 
avoid  the  presence  .of  atmospheric  air,  it  is  advisable  to  fill  it  full  to  the  neck  with  the 
cream  of  Ume,  or  potash  solution.  For  an  onncd  flask,  a  piece  of  phosphorus  of  the  size 
of  a  pea  is  sufficient.  It  is  best,  also,  not  to  apply  heat  to  the  glass  directly,  but  to  place 
it  in  a  basin  containing  a  solution  of  salt,  which  is  then  heated  to  a  boiling  temperature 
by  a  spirit  lamp. 

QxrwTiows.— What  is  said  of  its  combinations  with  water  ?  In  what  state  does  phosphorus 
generally  exist  in  nature?  What  is  said  of  phosphorus  acid  ?  What  is  said  of  phosphuret- 
ted hydrogen  ?    How  is  it  prepared  ?    What  phenomenon  attends  its  evolution  in  air  ? 


276  INOBGANIO    CHEMISTRY. 

Fig.  134.  menta  imparted  to  air  by  the  impulse  of  a  fbroe  acting 

suddenly  upon  a  mass  of  air  in  all  directions^  from  a 
center.  The  same  phenomenon  is  also  seen  iti  the  rays  of 
smoke  produced  by  the  mouth  of  a  skillful  tobacco- 
smoker,  and  frequently  also,  upon  a  much  larger  scale^ 
during  the  discharge  of  cannon  on  a  still  day. 

Phosphuretted  fajrdrogen  may  be  more  simply  pre- 
pared by  throwing  into  a  glass  of  water  a  few  pieces  ot 
phosphuret  of  calcium.  This  substance,  by  contact  with 
the  water,  is  decomposed,  and  erolyes  the  spontaneously 
inflammable  gas.  (See  Fig.  134.) 
408.  P r 0 p e r t i as. — Phosphuretted  hydrogen  is  p 
colorless,  transparent  gas,  possessing  an  offensive,  foetid  odor,  and  producing 
a  poisonous  action  upon  the  system,  when  inhaled.  It  loses  its  spontaneous 
inflammability  by  standuig  for  a  time  over  water,  and  also  by  the  addition  of 
the  vapor  of  some  inflammable  bodies,  %uch  as  ether,  oil  of  turpentine,  etc.  By 
varying  the  conditions  of  its  preparation,  it  may  also  be  evolved  without  the 
self-lightmg  power. 

The  production  of  this  gas,  by  the  decay  of  bones  and  other  organic  pro- 
ducts in  wet,  swampy  places,  and  its  subsequent  ignition  in  contact  with  the 
air,  is  supposed  to  have  originated  the  popular  superstition  known  as  the 
** Ignis  Fatuus,"  or  »'  Will-o^-the-wisp."* 

SECTION    XII. 

BOBON. 

Uquivaientf  10'9.     Symbol^  B.  * 

409.  History  and  Distribntion.— Boron  is  an  elemeot 
that  is  always  found  in  nature  in  composition  with  oxygen, 
forming  boracic  acid.  The  latter  substance  is  found  only 
in  few  localities,  and  in  comparatively  small  quantities. 
United  with  soda  it  forms  a  salt^  borax,  which  is  a  well- 
known  article  of  commerce. 

UntU  within  a  very  recent  period  (1856-7),  comparatively  little  has  been 
known  respecting  the  nature  of  the  pure  element,  boron.  It  has  been  recently 
ascertained,  however,  that  it  is  closely  allied  to  carbon,  and  that  it  exists  in 

*  It  is  generally  taken  for  granted  tbet  luminoas  appearanooa  in  the  air  are  often  teen 
in  the  Ticinity  of  swampa,  grave-yardBf  or  other  receptacles  of  decaying  oi^;anio  matter. 
Such,  however,  la  not  the  fact ;  and  it  is  extremely  doubtful  whether  any  well  authenti- 
cated instance  of  such  an  appearance  can  be  cited.  The  generally-reoeiTed  account  of  tht 
**  Ignis  fatuus**  must  therefore  be  r^;arded  as  a  fiction. 

QuKBTioiTS — What  are  the  properties  of  phosphuretted  hjrdrogen  t  What  popolar  so- 
perstitiou  is  it  supposed  to  have  originated  ?    VThat  is  said  of  boron  ? 
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thrca  allotrcipio  conditioni!,  viz.,  as  a  ii^ocolato-browii  ammpbona  EubsUnce ; 
as  an  opaque,  semi  crjBtalliiie  bodj,  occuning  in  thin  plAtea,  with  a  black- 
lead  hlMer;  Euid,  lastly,  in  a  ciTBtalliDO  condition,  resembling  the  diamond  in 
luster,  bordness,  and  refractive  power.  Ae  yet,  chemista  have  been  only  able 
to  obUun  it  in  very  jninule  oryatala ;  but  if  larger  cryBtals  can  be  prepared,  it 
wOl  imdoubtedlj  take  rank  as  ono  oftlie  most  valuable  of  gems.  Its  method 
of  preparation  consists  esaentiaUy  in  fiising  bonudc  acid  with  the  metal  ahim- 

410.  Boraotc  Acid,  SO,  is  bund  in  small  quantities  in  Thibet  and 
in  Sooth  America,  but  the  principal  supply  is  from  volcanic  districts  of  Tus- 
cany, in  Italy,  called  iojoOTH,  where  jets  of  vapor  and  of  bcaling  water,  charged 
with  boracic  acid,  are  continually  issuing  from  fissures  in  the  earth* 

The  manner  in  which  the  boracic  acid  is  collected  is  as  follows ;  A  locality 

is  chosen,  where  the  soil  is  observed  to  possess  a  high  temperature,  and  & 

'osan  of  moderate  depOi  (A,  Fig.  135)  is  excavated,  and  walled  up  with 

Fig.  136. 


a  masonry — opening  v,  being  left  in  the  bottom  for  the  admission  of  the 
steam  escaping  from  the  oarth.-f  Water  from  adjacent  springs  is  then  con- 
ducted into  the  hasin,  which  absorbs  tlie  boradc  acid  brought  up  by  the  bs- 
ccndii^  vapor,  and  at  the  same  time  becomes  heated  to  the  boiling  tompera- 
tnre.  Alter  the  lapse  of  twenty-four  hours,  the  solution  is  drawn  off  into  a 
Buuilar-conatnicted  basin,  B,  at  a  lower  level,  from  thence  int^  a  third,  C,  and 

■  "  Aiyiin  ippnuKb  Ibe  lagooDi,  lbs«rth  wama  In  pour  out  boIUngwBter.  ulfl^m 
Tulmiaei  of  niiou  iliui,  Id  >  TariEtf  of  loiia,  but  cbleflf  oT  chtilk  and  nmd.  Tbe  hwt 
In  tlH  ImmwUde  neighborbood  la  Intolerabls,  ind  70a  srB  drenched  with  Tupor,  vhlcb 
ImpFBgnateB  tbfl  Atmoephere  with  ■  strong  *nd  Kmcvh&t  AnLphamis  rdeIL  The  whold 
BceiH  [1  one  of  leniblQ  Ttolence  »nd  confimlon: — tbe  noluy  oatbreak  of  tbeboEUog  TKf«r; 
til*  rigged  and  bluted  anrfaiH:  tba  volamei  of  rsiwrt  the  impregnated  atmeipbeTc. 
The  gnmnd  bbrni  and  ihalCBt  beneath  joat  feet,  u>d  ttie  whole  anrfaae  la  covered  with 
beanllfnl  nrjitatttutioDa  of  inlphnr  anl  other  iBioerals."— Ds.  Bowiiira. 

nferenca  aDd  T  feet  deep, 


QDimosa.— What  an  ita  propartlei  t    What  la  Bid  of  borasio  aidd  I 
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BO  on,  until  the  water,  having  absorbed  the  greatest  possible  amount  of  bor- 
acic  odd,  is  transferred  into  shallow  tanks,  £,  for  purification.  The  solution 
thus  obtained  is  evaporated  in  leaden  pans  heated  by  the  volcanic  steam, 
until  the  boracic  acid  oontained  in  it  is  deposited  in  white,  scalej  ciystak 
Tlie  annual  production  of  boracic  acid  from  those  sources  is  at  present  aboat 
three  million  pounds. 

Boracic  acid  has  a  white,  pearly  luster  and  a  greasy  feeling.  It  is  a  feeble 
acid,  sparingly  soluble  in  cold  water,  but  dissolving  in  three  times  its  weight 
of  boiling  water.  Its  solution  in  alcohol  bums  with  a  beautiful  green  flame, 
which  constitutes  a  test  of  the  presence  of  boron.  This  property  may  be 
illustrated  by  igniting  a  solution  of  borax  in  alcohol  in  a  shallow  cap^  and 
stirring  the  liquid  with  a  glass  rod  while  burning. 

411.  SoraX)  or  Biborate  of  Soda,  is  formed  by  adding  car- 
bonate of  soda  to  a  solution  of  boracic  acid.  This  salt  is  composed  of  two 
o<luivalents  of  acid,  one  of  base,  and  ten  of  water — ^its  constitution  being  rep- 
resented as  follows,  NaO,  2B0s-[~^^  ^0*  Borax  is  obtained  naturally  in 
small  quantities  and  in  an  impure  state-,  by  the  evaporation  of  the  waters  of 
certain  lakes  in  Thibet,  and  is  exported  under  the  name  of  tincal. 

Borax  is  chletly  used  in  the  arts  as  a  flux  in  the  welding,  soldering,  and 
refining  of  metals. 

The  term  fliix  is  applied  in  metallurgy  to  those  Bub- 
stancos  which  assist  fusion,  either  by  expediting  the  pro- 
cess, or  by  protecting  the  substance  melted  from  oxyda- 
tion. 

Borax,  when  hented,*  bubbles  up,  loses  its  water  of  crystallization,  and  at  a 
temperature  below  red-heat,  melts  into  a  transparent  glass.  The  property 
which  this  glass  possesses  of  dissolvmg  the  metallic  oxyds,  gives  to  borax  its 
value  as  a  flux.  For  example :  in  the  welding  of  iron,  a  union  between  two 
surfaces  can  not  bo  effected  unless  both  are  clean  and  perfectly  free  from  ox- 
ydation;  but  a  piece  of  iron  can  not  be  strongly  heated  without  the  formation 
of  a  layer  of  oxyd  upon  its  surface.  This  difficulty  is  obviated  by  sprinkling 
the  hot  surfaces  with  powdered  borax,  which,  as  it  melts,  not  only  dissolves 
off  the  oxyd,  or  scale  already  present,  but  keeps  the  metal  bright  by  prevent- 
ing all  further  oxydation. 

Borax  is  also  much  used  as  a  test  before  the  blow-pipe,  for  recognizing  the 
presence  of  certain  metallic  oxyds.  For  this  purpose,  a  small  ciystal  of  borax 
is  fUsed  upon  the  end  of  a  bent  platinum  wire,  and  a  minute  quantity  of  the 
substance  to  be  tested  is  melted  with  the  salt  in  the  flame  of  the  blow-pipa 
The  peculiar  color  which  the  borax  glass  receives,  indicates  the  character  of 
the  coloring  substance :  thus,  with  an  oxyd  of  chromium,  the  borax- forms  an 
emerald-green  glass ;  with  oxyd  of  cobalt,  a  blue ;  with  manganese,  a  violet; 
with  iron,  a  yellow,  and  so  on. 

QiTKUTroNB.  —What  are  the  properties  of  boradc  add  ?  What  is  borax  ?  For  what  par. 
pose  in  it  u«ted  iu  the  arts?  What  ia  a  flux  f  What  girea  to  borax  its  value  aa  a  flu! 
lUuHtrate  tliia.    Ilow  dcea  borax  aerve  aa  a  blov-pipe  reagent  ? 


SILICON. 


279 


SECTION    XIII. 

SILICON,     or    SILICIUM. 

EquivcUentf  21*2.     Symbol^  SL 

412.  Distribation. — Silicon,  in  combination  with  0x7- 
gc;a,  is  the  most  abundant  of  all  the  solid  substances 
which  compose  the  crust  of  our  globe.  All  rocks  which 
are  not  calcareous  (lime)  are  silicious. 

It  is  only  within  a  very  recent  period  (1855-7)  that  chemists  have  been  en- 
abled to  obtain  any  very  definite  knowledge  respecting  the  nature  and  prop- 
erties of  pore  sUioon.  It  is  now  known  to  exist,  like  carbon  and  boron,  in 
three  allotropic  conditions ;  in  an  amorphous  nut-brown  powder ;  in  a  condi- 
tion resembling  graphite  (black-lead) ;  and  in  a  crystalline  condition.  It  has 
most  of  the  characteristics  of  the  metals,  and  by  the  most  recent  authorities  is 
classed  with  them.  As  prepared  by  a  somewhat  complicated  process,  it  is 
easily  fusible^  and  may  be  run  into  ingots  and  alloyed  with  copper  and  iron. 
At  a  meeting  of  the  French  Academy  in  1857,  two  small  cannon  composed 
of  an  alloy  of  copper  and  silicon  were  exhibited. 

413.  Silicie  Acid,  or  Silica,  SiOs,  is  the  principal  oxyd 
of  silicon,  and  the  most  important  of  all  its  compounds. 
In  fact^  it  is  in  this  condition  only  that  silicon  is  found  in 
nature. 

When  pure,  or  merely  colored  by  small  quantities  of  different  oxyds,  it  is 
very  generally  termed  quartz.    It  is  frequently  found  crystallized,  its  ordinary 
form  being  a  six-sided  prism,  terminated  by  six-sided  pyra-       pxa.  136. 
mids,  as  in  rock-crystal    (See  Fig.   136.)    Sometimes  the 
prism  is  very  short  and  disappears  entirely,  and  the  pyramid 
only  is  seen,  as  in  common  quartz.    In  transparent  and  col- 
orless rock-crystal,  silica  is  almost  absolutely  pure,  and  in  this 
condition  is  not  unfbequently  used  in  jewelry.    Amethyst  is 
crystallized  quartz,  colored  purple  by  the  presence  of  protoxyd 
of  manganese.     Common  flint,  agate^  camelian,  chalcedony, 
jasper,  and  opal,  are  other  varieties  of  nearly  pure  silica, 
their  colors  being  occasioned  by  the  presence  of  different  me- 
tallic oxyds.    Common  sand  is  mainly  composed  of  silica, 
colored  yellow  or  brown  by  the  presence  of  oxyd  of  iron ;  sand  cemented  into 
lock-masses,  through  the  agency  mainly  of  silica,  is  termed  "  sandstone." 

Many  plants  absorb  silica  from  the  soil  in  considerable  quantity,  and  deposit 

Qumnovs.— What  is  the  nataral  history  of  Bilicon?  What  is  known  respecting  tht 
pnre  element?  What  is  slliea  f  What  is  quarts  P  In  what  minerals  does  silica  nearly 
pare  eadst  t  What  Is  amethyst  ?  To  what  ate  the  colors  of  airate,  chalcedony,  opal,  ete^ 
dne ?    What  is  eommon  sand  ?    What ii  sandstone?    Does  silica  eidst  in  plants? 
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it  upon  the  exterior  of  their  Btalks,  or  stems.  Examples  of  this  may  be  seen 
in  the  glossy  coating  which  invests  the  outside  of  straw,  cane,  rattan,  bam- 
boo, etc  In  these  instances,  the  silica  subserves  the  same  purpose  in  the 
structure  of  the  plant  tliat  bones  do  in  the  structure  of  men  and  animals — 
that  is,  it  gives  to  the  stalk  firmness  and  stiShess.  The  stsaw  of  wheat  grown 
upon  soils  deficient,  in  "  soluble  silica,"  is  so- weak  as  to  be  hardly  capable 
of  supporting  the  weight  of  the  seed. 

In  the  animal  kingdom,  silica  exists  in  the  feathers  and  hair  of  ianimals, 
and  recent  researches  have  also  detected  it  in  the  blood. 

414.  PropertieR . — Pure  silica  is  not  afiected  by  the  heat  of  the  strong- 
est wind  fhmace,  but  before  the  flame  of  the  oxyhydrogen  blow-pipe  it  melts 
into  a  transparent  glass.  In  its  native  state  it  is  insoluble  in  pure  water,  and 
in  all  acids  except  hydrofluoric.  In  hardness  it  approaches  the  precious  gems^ 
and  it  scratches  glass  easily.     . 

Silica,  although  it  presents  the  characters  of  an  earth,  is  in  reality  an  acid, 
and  a  most  powerful  one.  Under  all  ordinary  circumstances,  however,  its 
acid  properties  are  not  manifested  by  reason  of  its  almost  entire  msolubility. 

When  silica  is  digested  in  solutions  of  the  alkalies  it  gradually  unites  with 
them,  and  forms  salts — silicates  of  potash  or  soda— which  are  readily  soluble. 
Even  flints  in  their  anground  condition,  or  Augments  of  quartz  when  placed 
in  strong  solutions  of  caustic  potash  or  soda,  at  a  high  temperature,  are  readUy 
caused  to  pass  into  solution.  When  solutions  of  silica  in  an  excess  of  alkali 
are  concentrated,  a  semi-fluid  mass  closely  resembling  a  solution  of  starch  is 
produced.  This  product  is  known  as  soluble  glasSj  and  is  readily  soluble  in  hot 
water,  and  can  be  applied  as  a  varnish  for  rendering  surfaces  of  wood  or  cloth 
firo-prooC  It  has  also  been  used  to  some  extent  as  a  substitute  for  starch  cr 
gum  in  the  stiffening  of  fibrous  substances.  Ancient  monuments  or  buildings 
constructed  of  soft  and  friable  stone  may  be  preserved  in  a  great  measure  from 
decay  and  the  action  of  the  weather  by  a  coating  of  soluble  glass.  For  prac* 
tical  purposes,  soluble  glass  is  formed  by  fusing  together  8  parts  of  carbonate 
of  soda  (or  10  of  carbonate  of  potash)  with  15  parts  of  pure  sand,  and  1  of 
charcoal  The  product,  when  pure,  resembles  ordinary  glass,  but  dissolves 
in  boiling  water  without  residue. 

When  a  solution  of  soluble  glass  is  rendered  acid  by  the  addition  of  hydro- 
chloric acid,  the  silica  after  a  little  time  separates  as  a  transparent,  tremu- 
lous jelly.  This  is  a  hydrate  of  silica,  which  once  precipitated  in  this  manner, 
is  no  longer  soluble  in  either  water  or  adds.  By  preventing  the  escape  of 
moisture,  it  may  be  preserved  in  a  gelatinous  condition ;  but  if  once  allowed 
to  dry,  it  forms  a  white,  gritty  powder — ^white  silidous  sand. 

Most  natural  waters  contain  a  little  soluble  sUica,  which  can  be  only  separ- 
ated by  evaporating  the  water  to  dryneaa.    Waters  which  contain  alkaline 

QtmnoKB.— What  are  ninstrations f  What  is  said  of  sUica  in  the  animal  kingdom? 
What  are  the  properties  of  silica  f  Is  silica  an  acid  ?  Under  what  circumstances  does  it 
pass  into -solution  r  What  is  soluble  glass?  What  are  its  properties  and  nses?  How 
may  silica  be  separated  from  its  solution  in  alkalies  ?    Does  slUoa  exist  In  natural  waters  ? 
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cubonates  dianlve  it  mora  freel;,  and  when  tha  action  of  the  alkaline  Uqidd 
IB  uded  by  that  of  a  iagh  temperature,  as  [a  the  case  with  the  Goysera,  or  hot 
springa  of  Iceland,  very  large  ^uuutitieB  of  silica  are  diaBolved.  As  the  Uqaid 
cools,  the  silica  is  deposited,  in  on  insoluble  fbnn,  on  the  Bumiunding  objects 
in  contact  with  the  watera,  (bnniiig  "  petritactioaa."  Agates,  chalcedony, 
caineliaii,  and  onyx,  havb  undoubtedly  beea  tiius  formed  by  the  alow  depoai- 
tkm  of  ailica  from  its  solution  in  water. 

The  acid  character  of  silica  is  cEpedally  exhibited  when  it  is  exposed,  in 
contact  with  other  salts,  to  a  high  temperatDre.  It  then  diBplacea  tlie  most 
powerful  acids  &om  their  combinations,  and  uniting  with  their  basu,  r<amB 
ulicatea.  Thus  when  carixmate  or  sulphate  of  ptriash,  Boda,  or  lima,  are  mixed 
vrith  silica  and  ftised,  the  silicic  add  displacee  the  carbonic  and  sulphurio 
acids  from  their  combinatioas,  and  fonsm  ailicales  of  potash,  soda,  or  lime.  All 
the  forms  of  clay,  feldspar,  mica,  hornblende,  and  a  great  nomber  of  our  most 
common  oiDerals,  are  the  salts  of  silicic  acid.* 

415.  Fluoride   of   Silicon,    Si  fl.  —  FtMsOicic-Aciii.  — In   order 
to  prepare  this  ga^  eqoal  parts  of  flnely-powdered  auoi-spar  and  siMoiH 
Band,   or  powdered  glass,  ore  mixed  in  a 
c^Hcaous  Bask,  with  six  parts  of  ooncen-  ^^-  ^37. 

trated  sulphuric  acid.  On  the  applicatuta  of 
heat,  hydroSuorio  add  is  liberated,  and  this 
immediately  attacking  the  silica,  prodncee  a 
colorleaa  gas,  of  which  silicon  is  a  constitn- 
eat.  When  passed  into  water,  the  gas 
is  decompaend,  «licoD  is  precipitated  in  the 
Kmn  of  gelatinous  mlica,  and  the  water 
becomes  a  solution  of  hydri^uodlicic  acid. 
This  reactiiui,  which  constitutes  a  very  inter- 
esting experiment,  may  be  easily  eibihiCed 
by  aa  arrangement  of  apparatus  as  repre- 
sented in  Fig.  137. 

In  transmitting  the  gas  into  water,  Oie  ex- 
tremity of  the  evolution  tulie  should  not  be  ^ 
brought  into  direct  contact  with  the  water,  I 
leat  it  l>ecome  at  once  obstructed  by  the  de- 

pcnted  silica;    but   it   should  be  plui^d.  

beneath  the  surlitoe  of  a  little  mercmy  contained  In  the  bottom  of  the  rec^T- 


"  The  comporithm  of  Tniny  of  the  i 


Bhemtcal  formula  nad  moct  luttinl  relAttonB  mr 


QnanoHS.— BxplitD  Ibe  dmnnstsnsM.  Wlut  ii  Ifaa  >nppa«d  origin  of  ^Oa, 
bfUui,  ets.  f  When  U  Iho  noLd  chiiMler  of  ilUca  rtptoWIJ  msnlfMlei  f  Illuit 
Wb^uvsiuDplBanfniiiDnildUistHr    Wtwt  linld  of  flniMlltda  Mid!    IThst  « 
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ing  Teasel,  as  is  represented  in  Fig.  13*7.  As  the  gas  ascends  through  the  mer- 
cury, and  enters  the  water,  it  eichibits  a  most  curious  phenomenon ;  each  bub- 
ble becoming  invested  with  a  white  bag  of  silica^  and  rising,  like  a  miniature 
balloon,  to  the  sur&ce ;  it  often  happens,  also,  in  the  course  of  the  experiment, 
that  the  gas  forms  tubes,  or  conduit  pipes  of  silica  in  the  water,  through 
which  it  gains  the  surface  without  decomposition. 


'  SECTION    xiy. 

OAEBON. 

EquivdlerUj  6.     Symbol^  0.     Specific  gravity  as  diamond^  3*3  to  3*5. 

416.  History. — Carbon  is  one  of  the  most  abundant  and 
important  of  the  elementary  bodies.  In  the  inorganic 
kingdom  of  uature  it  exists  chiefly  as  mineral  coal ;  in  the 
state  of  carbonic  acid  diffused  throughout  the  atmosphere  ; 
and  as  a  constituent  of  the  great  rock  masses — carbonates 
of  lime  and  magnesia.  In  the  organic  kingdom,  it  is  the 
characteristic  ingredient  of  all  substances  which  are  pro- 
duced directly  or  indirectly  from  animal  or  vegetable  or- 
ganisms. 

Carbon  is  found  pure  in  nature  in  three  allotropic  forms 
or  conditions,  each  of  which,  although  possessed  of  identi- 
cally the  same  chemical  composition,  exhibits  properties 
singularly  different  from  the  others,  and  peculiar  to  itself. 
These  are,  1.  The  Diamond  ;  2.  Graphite^  or  Plumbago  ; 
3.  Mineral  Coal  and  Charcoal, 

417.  The  Diamond  is  pure  carbon,  crystallized. 

It  is  found  throughout  a  wide  extent  of  country  in  India^  but  chiefly  at 
G(dconda,  and  in  certain  districts  of  Borneo  and  Brazil  It  has  also  been 
found  associated  with  gold  and  platinum  in  the  Ural  mountains,  and  in  a  few 
instances  in  the  United  States,  principally  in  the  gold  districts  of  North  Car- 
olina.* In  only  a  few  instances  has  the  diamond  ever  been  found  imbedded 
in  rock  masses,  but  it  is  usually  associated  with  materials  transported  by 
water  from  a  distance,  such  as  loose  sand  and  rolled  gravel     In  their  natural 


*  The  largest  diamonds  come  Arom  Golconda,  but  Brazil  furnishes  the  greatest  qoan- 
titj.  The  yearly  produce  of  the  Brazilian  mines  at  the  present  time  is  estimated  at  from 
10  to  13  lbs.,  a  large  proportion  of  which,  however,  are  unfit  for  jewelry. 

■  ' — — ; ■ 

Questions. — What  is  said  of  the  distribution  of  carbon  in  the  two  great  kingdoms  of 
nature?  In  what  oondiliona  is  carbon  found  pure  naturally?  What  is  th«  diamond? 
Under  what  circumstances  Is  it  found  in  nature  ? 
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condition,  diamonds  have  usually  the  appearance  of  semi-transparent,  rounded 
pebbles,  and  are  covered  by  a  thin,  opaque  crust ;  on  removing  this  crust, 
tHeir  exceeding  brilliancy  becomes  apparent 

The  diamond  is  generally  colorless,  and  such  specunens  possess  the  great- 
est value;  but  it  is  not  unfrequently  found  of  a  blue,  yellow,    pj^  130 
or  rose  color,  and  sometimes  gr^en  or  black. 

The  primitive  form  of  the  diamond  is  that  of  an  octohedron 
(see  Fig.  138),  but  its  faces  are  often  convex,  and  its  edges 
rounded.  It  is  cut  for  jewelry  in  three  forms,  known  as  bril- 
liants, Fig.  139,  roses,  Figfi.  140,  141,  and  tables,  Figs.  142, 143.* 


Fig.  139. 


Fig.  140. 


Fig.  141. 


Fig.  14?. 


Fig.  14n. 


The  diamond  is  the  hardest  of  all  known  substances,  and  can  be  only  cut 
or  abraded  by  means  of  its  own  powder — inferior  and  imperfect  stones  being 
broken  down  for  this  purpose.  The  process  of  cutting  is  effected  by  a  hori- 
zontal disc  of  steel,  covered  with  diamond  dust  and  oil,  and  revolving  with  a 
velocity  of  two  or  three  thousand  times  per  minute.  The  gem  is  fixed  in  a 
mass  of  lead;  which  is  fitted  to  an  arm,  one  end  of  which  rests  upon  a 
table  over  which  the  plate  revolves,  while  the  other,  sustaining  the  diamond, 
is  pressed  upon  the  plate  by  movable  weights,  at  the  dlscrotion  of  the  ope- 
rator. The  gem,  however,  cannot  be- ground  into  any  form  at  pleasure,  but 
only  in  directions  parallel  to  its  lines  of  cleavage.    (§  73.]f 

*  The  f  rm  of  the  brUIiaiit  shows  the  gem  to  the  best  advantage,  and  maj  be  recognized 
hj  itd  flat  summit ;  the  surface  of  a  rose  diamond  is  covered  with  equilateral  triangles, 
terminating  in  a  sharp  point  The  table  form  is  only  given  to  plates,  laminae,  or  dabs  of 
diamonds,  which  hare  a  small  depth  compared  to  their  superficial  extent.  The  brilliant 
and  the  rose  lose  in  cutting  and  polishing  somewhat  less  than  half  th^ir  weight,  so  that 
the  value  of  a  cut  stone  is  double  that  of  an  nnout  one,  without  reckoning  the  expexuM  of 
the  process. 

t  The  method  of  cutting  diamonds  was  discovered  in  1466,  and  Is  still  unknown  in  its 
perfection  among  Eastern  nations.  The  business  in  Europe  is  carried  on  almost  exclu- 
sively in  Amsterdam,  Holland.  The  heat  developed  ia  the  cutting  is  ftequently  so  great 
as  to  melt  the  lead  in  which  the  diamond  is  imbedded,  and  the  time  occupied  in  cutting  a 
sin^  face  varies  from  3  to  30  hours. 

The  weight  of  diamonds  is  estimated  in  carats— 150  of  which  are  equal  to  1  ounce  Troy, 
or  430  grains.  "  The  rule  for  estimating  the  value  of  diamonds  is  peculiar,  and  supposing 
the  gems  under  comparison  to  be  equal  in  quality,  maj  be  expressed  as  being  in  the  ratio 
of  the  squares  of  their  respective  weights.  Thns,  supposing  three  diamonds  to  exist, 
weighing  respectively  1,  2,  and  3  carats;  their  respective  values  would  be  as  one,  fonf, 
and  nine.  This  rule,  however,  can  only  be  considered  as  applying  to  gems  of  a  moder- 
ate  size ;  as  very  large  diamonds,  if  estimated  according  to  this  mode  of  calculation, 
would  become  expensive  beyond  the  means  of  the  richest  to  command." 


QuBSTio^s.— What  is  its  primitive  form?    In  what  three  forms  is  it  cut  for  jewelry  ? 
What  is  said  of  its  hardness  ?    How  is  it  cut  ? 
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The  diamond  is  remarkably  indestructible^  and  is  not  acted  upon  by  any 
solvent,  neither  is  it  affected  by  heat  alone — once  it  may  be  heated,  when 
rcmoyed  from  the  access  of  air,  to  a  white  heat  without  injury.  In  the  open 
air  it  bums  at  about  the  melting  point  of  silver,  and  is  converted  into  coal, 
or  carbonic  acid  gaa 

Many  attempts  have  been  made  to  fuse  or  crystallize  some  pure  form  of 
carbon,  or,  in  other  words,  to  manufacture  diamonds,  but  they  have  all  fiuled. 
In  1853,  M.  Despr^tz  of  Paris  succeeded,  after  long-continued  voltaic  action, 
in  depositing  at  one  of  the  terminal  poles  of  a  galvanic  battery  a  quantity  of 
carbon  in  the  fbrm  of  minute  micrascrijpic  grains ;  these  grains  appeared  to  be 
octohedral  crystals,  and  were  capable  of  cutting  and  polishing  diamonds  and 
rubies ;  hence  it  has  been  inferred  that  they  were  actually  themselves  dia- 
monds. 

The  origin  of  the  diamond  has  been  a  subject  of  much  curious  iq)eculatioii, 
inasmuch  as  the  circumstances  under  which  it  is  found  in  nature  afford  us 
no  clue  to  the  process  of  its  formation.  The  structure  of  the  diamond  itself, 
however,  furnishes  us  with  some  positive  information  on  the  subject,  and  in- 
dicates that  it  is  a  product,  either  directly  or  indirectly,  of  the  vegetable  kmg^ 
dom.*  Sir  David  Brewster,  who  has  given  much  attention  to  the  subject^ 
is  inclined  to  the  opinion,  that  the  diamond  is  a  drop  of  fossilized  gum,  anal- 
ogous in  some  respects  to  amber. 

418.  The  largest  known  diamond  is  an  uncut  gem  belon^ng  to  tho 
crown  jewels  of  Portugal  It  was  found  in  Brazil  about  the  year  1808,  and 
weighs  1,680  carats,  or  about  11  ounces.  About  the  middle  of  the  16tli 
century  a  diamond  was  found  at  Goloonda  in  India,  which  had  the  form  of 
half  a  hen's  egg,  and  weighed  nearly  6  ounces.  This  diamond,  which  was 
long  known  as  the  Great  Mogul  from  its  possessor,  has  disappeared,  and  is 
supposed  to  have  been  broken  up ; — ^the  separate  pieces,  according  to  this 
theory,  now  constituting  three  of  the  largest  existing  diamonds,  viz.,  I,  the 
great  diamond  in  the  possession  of  Russia^  weighing  196  carats :  2d,  the 
Koh  i-noor,  in  the  possession  of  the  Queen  of  England,  which  weighed  beforo 
cutting  186  carats,  and  after  cutting  103  carats ;  and  3d,  a  diamond  belonging 
to  the  Shah  of  Persia,  of  the  weight  of  130  carats.  The  value  of  the  Russian 
diamond  has  been  estimated  at  20  miUions  of  dollars,  and  that  of  the  Koh- 
i-noor  at  from  3  to  10  millions. 

The  other  large  diamonds  most  worthy  of  notice  are  the  following: — A 
yellow  diamond  belonging  to  the  crown  of  Austria^  which  weighs  139  carats. 
The  size  and  form  of  this  diamond,  which  was  once  sold  as  a  bit  of  colored 


*  The  evidence  on  thii  point  is  principally  aa  follows ;  diamonds  bare  been  found  in- 
dosing  yeg^table  matter,  and  wben  the  diamond  is  burned  a  minute  yellowish  ash  is  left, 
which  generally  possesses  a  cellular  structure.  Some  other  proof  is  also  afforded  by  the 
action  of  refracted  and  polarized  light. 

Qimnoirs. — What  is  said  of  its  indestructibility  f  Have  any  attempts  been  made  to 
manufacture  diamonds  ?  What  is  said  of  the  origin  of  the  diamond  f  What  OTidence 
have  we  on  the  subject?  How  large  a  diamond  has  evor  been  found?  What  are  some 
of  the  most  valuable  diamonds  f 
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Tea.  144. 


Fro.  14S. 


Fia.  146. 


giBsa,  are  repreecnt- 
edioFig.  114.   The 
Pitt  or  Regent  dia- 
mond belonsing  tt 
A  France,    is    repre-   / 
j,  Benled  ia  Ilg.  14&.  / 
y  the  dotted  Hue  bo-  \ 
iag  the  outline 
thoBlone  before  cat- 
ting. Thi^  diBJnond, 
which  is  a  light  blue  color,  ii  allowed  to  be  the 
fin^C  in  exiatence,  and  weighs  131  carats.    It  was  brought  fVom  India  b;  a 
Ur.  Pitt,  and  sold  to  the  Kegent  of  France  in  1717  for  aboat  $700,000.     Its 
dbyacommiaaion  of  Parisian  jowolera,  ia  about  $3,000,000. 
Fig.  14S  represents  a  ver?  beautiful  diamond  known 
as  tiie  Figott  diamond,  which  weighed  47  carats, 
Jid  was  sold  for  about  $120,000.* 

419.  Graphite,  or  PlombafO,  is  tho 
*  second  allotropic  form  ia  which  cai^ 
hon  occurs  uacombined  in  nature.  It 
has  a  metallic,  leaden-gray  luster,  feels  unctuous  to  the 
touch,  and  is  generally  known  as  "  black-lead,"  although 
it  has  no  trace  of  lead  in  its  composition. 

It  ia  Grand  chiefl?  in  the  older  rocks  (in  many  localities  En  the  United 
States),  cbiefly  in  beds  or  loundud  masses,  but  sometimes  crTstallized  in  flat 
six-sided  prisma.  It  is  never  Giund  perfect!}'  pure,  but  usuall;  contains  a 
little  iron  and  some  other  accidental  impurities.  I.tke  the  diamond,  it  can  nut 
be  fused  or  volatilized  by  the  action  of  the  most  intense  heat ;  it  bums,  how- 
ever, in  osfgen  ga^  forming  carbonic  acid. 

The  principal  use  to  wbiib  plumbago  is  pmcticallf  applied  is  for  the  mann- 
Gtctore  of  "lead  pencils."  Most  ofthe  ordinary  pencils  now  used  are  monu- 
^ctured  front  a  fictitious  paste,  mode  of  powdered  plumbago,  autimonj,  and 
sulphur  fiised  together,  and  cast  iut«  blocks.  These  bloclcs  are  then  sawed 
into  small  rectangular  prisms,  which  are  subsequentlj  hickised  in  cylinders  of 
cedar  wood.  The  best  drawing-pencils  are,  however,  made,  by  reducing  fljo 
plumbago  to  a  fine  powder,  freeing  it  &ora  Impurities,  and  then  subjectil^  it 
to  enormous  hydrostatic  prcsaura,  simultaneously  with  the  abstraction  of  all 
remajning  traces  of  air  by  meass  of  an  air-pump.     A  coherent  block  is  thus 

*  Thli  dlimoDd  li  not  In  eilsUnco.  but  ni 
■xce«d  33  cATftUinirQlebt  do«A  not  exceed  oini 


aitroyed  b^  k  Turkish  pub&  iq  order  to 
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• 
obtamed,  which  is  subsequently  sawed  into  bars.  The  particles  of  plumbagtv 
although  apparently  yerj  soft,  are  in  reality  extremely  hard,  and  the  steel 
saws  employed  to  cut  it  rapidly  wear  out  Plumbago  is  also  used  for  the 
manufacture  of  melting  pots  or  crucibles,  for  the  lubrication  of  the  bearing  sor- 
fiices  of  machinery,  and  for  imparting  a  luster  to  iron. 

Several  modifications  of  graphite  may  be  procured  artificially.  When  cast 
iron  is  melted  with  an  excess  of  charcoal,  it  dissolves  a  portion  of  the  carbon. 
This  carbon,  when  the  iron  is  allowed  to  cool  slowly,  crystallizes  out  in  the 
form  of  large  and  beautiful  leaflets  of  graphite. 

420.  Gas  Car  bo  Hi — Another  exceedingly  interesting  variety  of  graphite 
1}  formed  in  the  interior  of  the  retorts  used  for  the  production  of  coal-gas. 
This  substance  (which  may  be  procured  in  abundance  at  all  gas-works)  is 
known  as  "  gas  carbon."  It  possesses  a  luster  resembling  that  of  a  metal,  a 
hardness  sufficient  to  enable  it  to  scratch  glass,  and  is  one  of  the  purest  forms 
of  carbon. 

421.  Coal. — The  third  allotropic  modification  of  carbon 
includes  all  the  varieties  of  mineral  coal,  wood,  charcoal, 
lamp-black,  soot,  animal  charcoal,  etc.,  etc. 

422.  Mineral  Coal  is  the  product  of  an  accumulated 
vegetation,  which  flourished  mainly  during  a  particular 
period  of  the  earth's  history,  known  in  geology  as  the 
"carboniferous  epoch." 

It  occurs  on  the  earth  in  veins,  or  strata^  enclosed  between  other  strata  of 
limestone,  clay-slate,  or  iron  we. 

We  know  that  coal  is  of  vegetable  origin,  because  in  every  coal-mine  we 
find  leaves,  trunks,  and  fruits  of  trees  in  immense  numbers,  many  of  them  in 
the  most  perfect  state  of  preservation;  so  much  so,  that  the  botany  of  the 
coal  period  can  be  studied  with  nearly  as  much  certainty  as  the  botany  of  any 
given  section  of  the  present  surface  of  the  earth ;  and,  furthermore,  whenever 
coal  has  not  been  too  much  changed  by  heat  and  pressure,  a  thin  layer  of  it 
exhibits,  under  the  microscope,  all  the  ducts  and  vessels  of  the  plant  to  which 
it  originally  belonged. 

Coal  consists,  like  vegetable  matter  in  general,  of  carbon,  hydrogen,  and 
oxygen,  with  a  small  proportion  of  nitrogen.  It  contains,  in  addition,  variably 
quantities  of  saline  and  earthy  substances,  which  always  enter  into  the  com* 
position  of  plants.  These  matters,  when  coal  is  burnt,  are  left  imconsumec^ 
and,  together  with  some  impurities,  constitute  its  ashes. 

423.  Anthracite  Coal  differs  firom  bituminous  in  this  respect — ^thai 
its  origmal  volatile  constituents,  oxygen,  hydrogen,  eta,  have  been  mainly 

driven  off  by  the  agency  of  heat,  leaving  carbon  in  a  dense  and  nearly  pure 

'  '        ■-■■111        »i  ,.       ..        iiii 

QuKBTioxg.— How  may  graphite  be  formed  artificially?  What  is  gas  carbon?  What 
are  its  properties  ?  What  is  the  third  allotropio  form  of  carbon  ?  What  is  mineral  coal? 
What  proof  hare  we  of  its  vegetable  origin  ?  What  is  the  constitution  of  ooal?  What 
occasions  the  difference  between  anthracite  and  bituminous  coal  ?  . 
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conditioD  bchiniil ;  bitumEDOUS  coal,  on  the  conlran',  not  haring  been  expoeed 
to  the  same  degree  of  beat,  rot^oa  iCa  origiiiiil  vegetable  coDBtitntion  in  a 
great  degree  uoiJtered.*  When  bituminoiB  coal  ia  ignited,  Ita  Tolatilo  con- 
fluents ore  expelled  by  bent,  and  bam  vitJi  flame  and  gmoke;  while  bd- 
Ihracite,  from  ita  previous  depiivatioD  of  these  subatancesi  boma  without  flame 
or  smoke. 

424.  C  0 1[  e  fa  bitnminoug  coal  heated  apart  from  air,  antil  Ita  yolatile  con- 
s'.ituents  are  in  a  great  measara  expeUed.  It  produces  a  more  Bteady  and 
mtense  heat  than  the  coal  from  which  it  ia  derived,  and  evolves  no  amoke. 

425.  Cbarcoal  is  that  form  of  carbon  which  results  from 
depriving  animal  aud  vegetable  substances  of  their  vol- 
atile constitut'nts. 

This  is  nanall;  eflbcted  hf  the  agency  of  heat ;  but  tbe  application  of  heat 
ia  not  essential,  eince  wood  immersed  in  sulphuric  add,  or  biiiied  for  a  long 
period  in  the  earth,  becomea  converted  into  chanwaL 

Cbarcoal   is   nsoallj  Pi^^  j4j^ 

prepared  by  Bring  wood 
in  mounds  w  pita,  cov- 
ered withturf  or  aoilin 
such  a  waj  as  to  ex- 
clude in  a  great  degree 
the  admission  of  air, 
and  thoB  prevent  com- 
plete combustion.  Fig, 
14T  represeiita  the  ar- 
rangement and  con- ^ 
Btruction  of  a  "  diarcoal 
mound  or  heap."    If  the 

diameter  of  the  heap  be  30  feet  or  more,  the  operation  ia  not  complete  in  less 
tiian  a  month,  and  the  slower  the  combustion  the  greater  the  product  of 
eharooaL  When  the  wood  ia  tlioroughly  charred,  the  admission  of  air  is  en- 
tirely cut  off,  and  the  combustion  ceases.  Thecharcoal  produced  retaina  the 
form  of  tbe  wood,  but  is  much  reduced  in  nze  ;  generally  not  amounting  to 
more  than  three  fourths  ofttie  bulk  of  the  wood,  add  never  e:ircecding  one  fburth 
of  ita  wei^L  The  nicest  kinds  of  charcoal,  such  as  are  used  in  the  manulkc- 
ture  of  gunpowder,  are  prepared  by  heating  wood  in  close  iron  tyUnderB. 

426.  8  0  0 1  is  coal  in  a  state  of  minute  division  resulting  from  the  impw- 
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feet  combnstioii  of  carbonaceous  gases.  Lamp-black  is  generally  applied  to 
designate  the  aoot  prodaoed  by  the  imperfect  combustion  of  tar  and  resinous 
matters ;  it  is  much  used  in  the  manufacture  of  printers'  ink  and  of  paint. 

Animal  diarooal,  bone-black,  and  ivory-black,  are  names  given  to  the  pro- 
ducts produced  by  heating  bones,  ivory  shavings,  and  like  animal  substances^ 
in  dose  vessels.  The  charcoal  thus  obtained  is  mixed  with  ten  times  its 
weight  of  phosphate  of  lima 

427.  P.r  0  p  e  r  t  i  e  8 1 — Carbon  in  the  form  of  charcoal  is  a  black,  brittle, 
insoluble,  inodorous,  tasteless  .substance.  At  ordinary  temperatures  it  has 
little  or  no  afi&nity  for  the  other  elements,  and  is,  consequently,  one  of  the 
most  unchangeable  of  all  substances.  Grains  of  wheat  charred  at  Hercu- 
laneum  nearly  2,000  years  ago,  still  retain  their  form.  Wooden  posta^  if 
charred  at  the  end  before  being  set  in  the  ground,  are  rendered  far  more  dur- 
able. For  the  same  reason,  it  is  a  common  practice  to  char  the  interior  of 
tubs  and  casks  intended  to  hold  liquids. 

Charcoal,  when  subjected  to  the  action  of  the  most  intense  heat^  is  infus- 
ible, and  if  air  be  excluded,  it  remams  unchangeable.* 

At  high  temperatures,  liowever,  carbon  surpasses  all  other  bodies  in  its 
affinity  for  oxygen,  and  is,  consequently,  more  suitable  than  any  other  sub- 
stance for  depriving  the  metallic  ores  or  oxyds  of  their  oxygen,  and  reducing 
them  to  a  metallic  state — ^an  operation  termed  smelting. 

The  compounds  of  carbon  with  the  other  elements  are  termed  coHmrets,  or 
carbides. 

Newly  prepared  chareoal  possesses  the  remarkable  power  of  absorbing  and 
condensing  within  its  pores^  large  quantities  of  certain  gases  and  aqueous  va- 
por. (The  explanation  of  this  phenomenon  has  been  already  given,  §  48.) 
Charcoal  fh>m  hard  wood,  or  that  which  possesses  fine  pores,  exhibits  this 
property  in  the  highest  degree,  and  the  gases  which  are' absorbed  most  abun- 
dantly are  those  which  are  most  readily  liquefied  by  cold  and  pressure; 
thus  of  ammoniacal  gas  it  absorbs  90  times  its  volume,  of  carbonic  acid,  35 
times;  of  oxygen,  9  times;  of  hydrogen,  1**76  volumes. 

Charcoal  in  a  finely-divided  state  has  also  the  power  of  absorbing  odorifer- 
ous effluvia,  and  the  coloring  principles  of  most  animal  and  vegetable  sub- 
stances. Animal  matter,  in  an  advanced  state  of  putrefiiction,  loses  all  offen- 
sive odor  when  covered  with  a  layer  of  charcoal ;  it  continues  to  decay,  but 
without  emitting  any  iU  odor. 


*  An  illastntion  of  this  is  found  in  the  fact,  that  charcoal  thrown  into  a  hlaat-Aimaee^ 
and  its  acccM  to  air  being  ent  off  by  an  envelope  of  molten  metal,  irill  not  nnfk^qnently 
paaa  through  the  fiunaee  uncomnimed  and  unaltered. 

Qunnoiis.— What  is  lamp-Uack  ?  What  is  animal  charcoal  f  What  are  the  proper- 
ties of  charcoal  ?  What  is  said  of  its  indestmcttbiUty  ?  What  of  its  affinities  f  Why  is 
carbon  nniformlj  used  in  the  reduction  of  metallic  ores  ?  What  are  the  oomponnds  of 
carbon  with  the  metals  called  ?  What  is  said  of  the  absorbing  power  of  diarooal  f  What 
gases  are  absorbed  most  abundantly  f  What  is  said  of  its  deodorijEing  and  deooioririi^ 
agenoy  ?    What  are  illustrations  of  its  deodoriaing  action  f 


CABBON. 

AdrantHge  has  been  taken  of  this  proper^  of  charcoal  ti 
pimtOT  Tor  protectlOD  against  the  inhalation  of  malarious  and  infecKd  air.  I( 
conaiala  of  a  hollow  case  of  wire-gauze  fillad  with  ooaraely-powdered  cbacccal, 
and  fitted  over  the  mouth  and  nustrilg  by  Fiq.  i4g, 

straps  as  ia  represented  in  Fig.  148.  All 
the  air  that  eaters  the  lungs  must  pass 
,  through  this  diarcoal  seive,  and  in  bo  paasmg, 
is  deprired  of  the  noxious  vapors  or  gaaea  it 
maj  cont^n.  For  peraona  eng^^  in  hce- 
pitab.  diBsecting-rooms,  the  holds  of  sMps,  or 
in  the  vicinitf  of  sewera,  this  device  is  most 
Taluable.  Foul  water  filtered  through  a 
layer  of  ponrdered  cliarcoal,  is  decolorized  and 
purified.  This  action  of  cbarcool  may  be  il- 
lustrated by  agitating  water  coDtaining  sul- 
phuretted hydrogen  in  solution,  with  a  sinoU 

quantity  of  freshly-burned  powdered  charcoal;  the  offensive  odor  will  com- 
pletely disappear.    Sugar-refiaera  render  browu  sugar  white  by  passing  it  in 
solution  through  ammal  charcoal     Ale  and  porter,  subjected  to  ttie  same 
Fio.  149.  treatment,  are  not  only  decolorized,  but  deprived  of 

their  bitter  principles.    In  case  of  poisoning  with 
T^^etablo  poisons,  such  as  opium,  morphia,  strych- 
nia, etc.,  one  of  the  best  immediate  antidotes  which 
can  bo  given  is  powdered  charcoal  in  water:  tliia 
abaOrba  the  poisonous  principle,  and  readers  it  inaci 
The  decolorizing  action  of  charcoal  may  bo 
illustrated  by  filtering  porter,  port-wine,  or  water 
colored  with  ink,  through  a  small  quantity  oi  animal 
charcoal     (See  Fig.  149.)     The  filtered  liquor  will 
be  deprived  of  smell,  taste,  and  color. 
Cfaarcoal   loses    its  absorptive  and  decolori^ng 
i  proporUea  by  use  ]  but  on  heating  it  afreah,  it  re- 
gains them. 

Carbon  in  the  fonn  of  the  diamond  is  a  non-conductor  of  electricity ;  but  in 
all  its  other  forms  it  is  an  excellent  conductor,  ranking  next  tu  the  metals  in 
thia  respect  In  a  state  of  fine  subdivision,  carbon  is  a  bud  conductor  of  heat, 
but  ita  conducting  power  increases  with  its  density. 

428.  ConipauDd*  of  Carbon  and  Oiygcn^-Tbe  compounds 
of  cairbon  with  osygen  and  hydrogen,  and  with  oijgen,  hydrogen,  and  nitro- 
gen, are  innumerable,  and  constitute  tho  great  bulk  of  the  substance  of  all 
T^;etabla  and  animal  products.    The  conaideralion  of  these  compounds  be- 


totldota  rorpolHTuf    Whit  li  raid  of  the  coodnctlng  paven  of  cuboa  for  best  (id  (iBB- 
tiicUrf    Wlial  [iiald  of  Uio  compouiidi  of  cailnn  sllh  oiTftBn  t 
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longs  mainlj  to  organic  chemistry.  With  oxygen  alone  carbon  unites  direcUy 
to  form  only  two  compounds — carbonic  oxyd  and  carbonic  acid.  Their  com> 
position  may  be  represented  as  follows: — 

Compoallion  by  weight. 


Symbol. 
Carbonic  ozjrd OO 

Carbonic  acid. , COs 


6  carbon.   +    8  oxygpen. 
6       "        4-  16      " 


429.  Carbonic  Acid,  G  0,  is  the  sole  product  of  the  com- 
bustion of  pure  carbon  in  oxygen  gas  or  atmospheric  air. 
It  is  also  produced  abundantly  by  all  the  ordinary  pro- 
cesses of  combustion,  by  respiration,  fermentation,  and  by 
the  decay  of  animal  and  vegetable  products.  It  exists  in 
a  free  state  in  the  atmosphere,  and  in  the  earth  in  im- 
mense quantities,  chiefly  in  combination  with  lime,  form- 
ing carbonate  of  lime  (marble,  chalk,  etc.,  etc.). 

For  on  account  of  its  discovery  see  g  329. 

430.  Preparation . — Carbonic  acid  may  be  prepared  by  burning  char- 
coal in  oxygen  gas  (p.  190] ;  or  by  allowing  a  candle  to  bum  as  long  as  it 
will  in  a  closed  bottle  or  jar  filled  with  air.  Practically,  however,  it  is  ob- 
tained in  a  pure  state,  much  more  conveniently.  It  being  a  feeble  acid, 
almost  every  other  acid,  which  dissolves  freely  in  water,  is  able  to  expel  it 
fiom  its  compounds;  it  is,  therefore,  easily  separated  firom  its  compounds  by 
the  addition  of  any  of  the  common  acids.  Thus,  fragments  of  chalk  or  mar- 
-p  „  1 K  A  ^^  "with  a  little  water,  are  placed  in  an  open-mouth  bottle,  or 
in  an  evolution  fiask  (see  Fig.  150,  also  Fig.  95),  and  dilute 
sulphuric  or  hydrochloric  acid  added.  The  add  seizes  upon 
the  lime,  and  displaces  the  carbonic  add,  which  escapes  with 
an  effervescence.  It  may  be  collected 
in  the  usual  way  over  water,  or  in 
dry  bottles,  by  the  displacement  of 
air. 

431.  Properties.  —  At  ordm- 
ary  temperatures  and  pressures,  car- 
bonic add  is  a  colorless,  transparent  gas,  of  a 
pungent  odor,  and  acidulous  taste.  It  is  more  than  half  as 
heavy  again  as  atmospheric  air,  its  specific  gravity  being 
1*529  (air  —  1*000);  by  reason  of  its  great  density,  it  may  be 
poured  from  one  vessel  into  another  like  water.  (See  Fig. 
151.) 

Carbonic  acid  is  not  inflammable,  and  extinguishes  the  flame  of  burning 
bodies,  even  when  largely  diluted  with  air,  for  a  candle  will  not  bum  in  a 


Fig.  151. 


QuESTiONB.— What  is  the  composition  of  carbonic  acid  ?  What  is  said  of  its  formation 
and  distrlbntion  ?  How  may  it  be  prepared  ?  How  is  it  obtained  practically  ?  What  ara 
its  propertias  ?    What  is  said  of  its  density  ?    What  o^  its  relation  to  combustioa? 
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mixtare  of  4  voltimes  atmospheric  air,  and  1  volume  of  carbonic  acid.*  This 
propertj  may  be  strikingly  illustrated  by  placing  a  lighted  candle  at  the  bot- 
tom of  a  deep  jar,  and  then  pouring  carbonic  acid  from  another  vessel  upon 
it,  as  is  represented  in  Fig.  151.  The  light  will  be  extinguished  as  soon  as 
the  gas  reaches  the  flama 

Oarbonic  add  in  its  pure  state  is  irrespirable,  producing,  the  moment  it  is 
inhaled,  a  spasm  of  the  glottis,  which  closes  at  once  the  air  passages  of  the 
lungs :  an  animal  immersed  in  it,  therefore,  dies  of  suffocation.  When  di- 
luted with  air,  it  may  be  breathed  without  difficulty,  but  if  the  proportion  in 
which  it  exists  in  the  air  exceeds  4  per  cent,  it  acts  as  a  narcotic  poison.f  A 
proportion  of  10  to  12  per  cent,  is  speedily  destructive  to  animal  life,  and  oven 
so  small  a  quantity  as  1  or  2  per  cent,  is  deleterious  and  depressing.  Tho 
drowsiness  and  headache  experienced  in  crowded  and  ill-ventilated  apart- 
ments are  chiefly  due  to  the  accumulation  of  carbonic  add  as  the  resulting 
product  of  respiration. 

Many  persons  have  lost  their  lives,  either  intentionally  or  by  aoddent,  by 
sleeping  in  a  confined  room  with  a  pan  of  burning  charcoal ;  also  ftom  de- 
scending into  wells^  mines^  vats,  and  sewers  in  which  carbonic  add  has  accu- 
mulated. Accidents  of  the  latter  character  may  be  prevented  by  taking  the 
precaution  to  lower  a  lighted  candle  into  the  well  or  vat  suspected  to  contain 
this  gas,  before  descending  into  it ;  if  the  Ught  remains  imdiminished,  all  may 
bo  considered  safe ;  but  if  the  flame  be  extinguished,  or  even  sensibly  im- 
paired, there  is  evident  danger.  Wells,  pits,  eta,  containing  carbonic  add 
may  be  freed  from  it  by  lowering  into  them  pans  of  rccently-bumed  pulver- 


*  This  propertj  of  earbonie  acid  has  been  practicaUy  applied  for  the  extlngaishment 
of  fires  in  coal-mines — a  stream  of  carbonic  acid,  generated  bj  passing  air  through  a  ftir- 
nace  of  coal,  being  blown  into  the  mine  until  all  its  passages  were  filled  with  it,  and  the 
combustion  arrested.  In  this  waj,  a  coal-mine  in  England  that  had  been  on  fire  for  thirty 
years,  and  had  extended  over  twenty-six  acres,  was  extinguished  in  1861.  About  8,000,000 
euMe  feet  of  gas  were  required  to  fill  the  mine,  and  a  oontinnoua  stream  of  impure  car- 
bonic add  was  forced  in  by  the  «gency  of  a  steam-Jet,  day  and  night,  for  about  threo 
weeks.  The  difficulty  lay  not  so  much  in  putting  out  the  fire,  as  in  cooling  down  the  igidtoA 
mass,  so  that  it  should  not  again  burst  into  a  flame  on  the  readmlssion  of  air,  and  in  order 
to  eflRect  the  necessary  reduction  of  temperature,  water  was  blown  in  along  with  the  carbonic 
add,  in  the  form  of  a  fine  spray,  or  mist  Subsequently,  cold  air  mixed  with  the  spray 
Was  thrown  in ;  and  in  a  month  from  the  commencement  of  operations,  the  fire  was  found 
to  be  completdy  extinguished. 

A  portable  arrangement  for  extinguishing  fires,  termed  the  "  Fire  Annihilator,**  em- 
bodies the  same  principles.  It  conrists,  essentially,  of  a  tin  or  sheet-iron  case,  containing 
a  substance  holding  carbonic  add  in  combination,  together  with  a  bottle  of  sulphuric  acid. 
By  means  of  a  simple  arrangement,  this  bottle  of  add  may  be  broken,  when  its  contents, 
mixing  with  the  solid,  evolve  carbonic  acid;  and  this,  fiowing  out  from  apertures  in  the 
tase,  fills  the  apartment,  and  extinguishes  the  fira 

t  By  a  narcotic  poison  we  understand  one  which  produces  sleep  and  inBensiblllty,  ter- 
Bdnattng,  if  taken  in  suffident  quantity,  Ui  death.    Opium  and  morphia  are  examples. 

QuEBTiONS. — What  of  Its  relation  to  respiration  ?  What  are  fllnstrations  of  the  poison- 
ous influence  of  carbonic  add  ?  What  precautions  should  be  taken  before  desoandic^  into 
wells,  sewers,  etc.  ? 
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ized  charcoal,  or  ft^sh  slacked  lime,  or  by  showering  down  cold  water-— ^  of 
which  Bubstanoes  absorb  the  gaa  fVcelj. 

To  reausdtate  thofle  who  have  been  exposed  to  the  poisonous  action  of 
carbonic  add,  dash  cold  water  upon  them  freely,  and  assist  the  circulation  by 
friction  of  the  extremities. 

432.  Water  at  ordinary  temperatures  and  pressures  absorbs  about  two 
thirds  of  its  bulk  of  carbonic  acid ;  but  it  will  take  up  much  more  if  the  pres- 
sure be  increased.  The  quantity  absorbed  is  in  exact  ratio  with  the  compres- 
sing force,  the  water  dissolving  twice  its  volume  when  the  pressure  is  doubled, 
and  three  times  its  volume  when  the  pressure  is  trebled.  On  removing  the 
pressure  the  greater  part  of  the  gas  escapes,  and  produces  that  efifervescence 
which  we  see  when  a  bottle  of  ginger-beer,  soda-water,  cider,  or  champagne 
is  opened. 

Most  of  the  beverage  sold  under  the  name  of  soda-water  does  not  contain 
a  particle  of  soda,  but  is  merely  water  impregnated,  by  mechanical  pressure, 
with  about  eight  times  its  bulk  of  carbonic  acid.  In  fermenting  liquors  in- 
closed in  bottles,  on  the  contrary,  the  carbonic  acid  is  gradually  evolved  by 
the  process  of  fermentation  in  the  interior  of  the  bottle.  As  fast  as  it  is  set 
free,  the  liquor  dissolves  it,  the  pressure  of  the  gas  upon  the  inner  sur&oe  of 
the  bottle  increasing  at  the  same  time.  ^The  pressure  thus  generated  is  enor- 
mous, and  beyond  a  certain  limit  the  cork  will  either  be  ibroed  out,  or  the 
bottle  will  burst  If  the  cork  be  withdrawn,  the  confined  gas  will  drive  out 
the  liquor  in  its  own  eagerness  to  escape.  The  manu&cture  of  champagne  is 
always  carried  on  in  vaults  &r  below  the  sur&oe  of  the  earth,  in  order  to 
secure  a  low,  and  at  the  same  time  a  uniform  temperature.  The  reS^n  of  this 
is,  that  the  absorption  of  carbonic  acid  by  the  liquor  is  g^reatly  assisted  by  a 
reduction  of  temperature,  and  a  rise  of  a  few  degrees  of  the  thermometer  in 
the  vault  is  sometimes  accompanied  by  the  breakage  of  thousands  of  bottles. 

Fermented  liquors^  by  the  escape  of  their  carbonic  acid,  are  rendered  flat 
and  insi^Hd.  A  thick,  viscid,  or  glutinous  liquor,  like  porter  or  ale,  retains 
the  little  bubbles  of  carbom'o  add  as  they  rise  through  it,  and  is  thereby 
caused  to  froth ;  but  a  thin  liquor,  like  champagne  or  cider,  which  allows  the 
bubbles  to  escape  freely,  only  sparkles. 

A  solution  of  carbonic  acid  in  water  has  a  pleasant,  acid  taste,  and  tem- 
porarily reddens  blue  litmus  paper.  The  solveni  powers  of  such  a  solution 
are  fiur  more  extensive  than  those  of  pure  water ;  and  the  hardest  rocks  and 
minerals  are  gradually  disinteg^ted  and  broken  down  by  the  long^<x>ntinued 
actipn  of  water  charged  with  a  small  proportion  of  this  gas. 

433.  Solidification  of  Carbonic  Acid.— When  carbonic 
kcid  at  32**  F.  is  subjected  to  a  pressure  of  36  to  38  at- 

QtnvnoNS.— 'What  is  the  antidote  against  poisoning  with  carbonic  acid  ?  What  is  said 
of  the  absorption  of  carbonic  acid  by  water  f  What  is  ordinary  "  soda-water  ?**  What  is 
the  source  of  carbonic  add  in  fermenting  liqnors  f  What  takes  place  when  a  fBrmenting 
liquor  is  bottled?  When  does  a  llqnor  flroth,  and  when  sparkle f  What  is  said  of  tiio 
f^lyent  power  of  o»rhoiii«  acid  in  folntion  ?  What  is  said  of  the  solidification  of  carbonis 
Midr 


moepheres,  it  condenses  into  a  liquid  aa  transpareni:  and 
colurless  as  water.  If  a  stream  of  liquefied  acid  be  allowed 
to  escape  into  the  air,  it  freezes  by  its  own  evaporation 
into  a  white,  snow-like  solid.* 

■  Thn  eompru^ng  force  lued  to  eCTect  tHc  liquEficllDn  of  arbonle  utd  It  thmt  of  tl» 
(UnUeily  of  IbB  g»«  tttelf.  Ths  eipcrinient  tii«7  he  performed  hrgeneimUnB  emrbonio 
■oU  In  >  cloned  gUiu  tube,  >g  hu  been  prerloailr  expUloed  (ne  |  IIB)  i  bnl  uniUlr  »a 
ippuvnu  conitrnetad-ror  this  purrtcnlu  pnrpow  !■  employed.  TUi  oon^Btt  of  two  cy}- 
tiidTiialTeBeU,FlB.ia3,  »chDrwrougbUraii,ude«1i  ■uffldeotly  ILroiig  to  vUbMul 
Fib.  IBS. 


mmy  rerolTe  iri  il  TerUe«]  plftoe.  Tbe  ree^Tcr  !■  HRpplled  with  m  tabe,  vhlch  goei  luwrlj 
to  (he  bottom,  And  the  gHtierktor  vlUi  fe  cyllDdrleol  copper  tohcI  vbieh  admitB  of  being 

The  opermtloD  je  conducted  hy  Gh&T^ng  the  ^neriEar  w[th  s  aolntioo  of  bl-cerbonaU 
efeodk,  iind  the  copper  reeael  vlth  eulphario  uld.    The  atop-coch  of  the  ^ner^tor  being 

of  Tluic^  conlAlned  In  tlie  copper  venel  mm  oat  upon  the  carbonate  of  eodm,  and  dcck' 
Monn  a  liberation  of  earbonlo  arid.  After  a  Hme,  when  the  Kdon  la  eomplete,  the  re- 
celrer,  which  laloimenedln  a  freeclng  mlxtnre,  li  oonneetftl  bj  meani  of  a  metallic  tube 
wtth  the  generator,  and  the  etop-cochft  being  opened,  the  carbonic  add  eontainod  In  the 
generatar  riuhea  aret  Into  the  cold  and  empty  reeeiier,  and  beumea  In  pan  onndeuaed. 

QniBiloii, — Mt8  a  general  deecrlptlon  of  the  pnjOMa. 
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In  tbii  condition  it  waite 
vith  easo.  If  sufferod  to  ■:« 
Ilka  a  red-hot  [ron. 

When  a  little  mercury  ix  placed  la  a  porcelain  cup  and  covered  witb  solid 
carboaia  add,  tbo  addiUon  of  a  few  drops  of  ether  occaaionB  so  rapid  an 
•ivaporaUon  that  tba  mercury  is  immediatel;  Srozen,  and  may  tbcn  be  hAin- 
nmed  and  drawn  out  like  lead.  In  lliia  way  ten  pounds  of  mercury  may  bo 
fliDzen  in  leas  tban  dght  minutes. 

431^  Iiime-waler  brought  in  oontact  with  caibonic  acid  goa  rairidly  abaorln 
it,  and  becomes  milky  from  the  formation  of  cariWDate  i^  lime  (clialb).     Ihi« 
reactioo,  therefore,  constitutoa  a  teat   for  the  presence   of  carlmaic  acid. 
Thus  if  we  expose  fresh  lime-water  to  the  air,  a  pellide  of  carbonate  t^lima 
—      I ._  Boon  fomu  upon  ils  Burfiice,  provii^  the  prea- 

ence  of  carbonic  add  in  the  atmosphere.  In 
like  manner,  by  blowing  tbroagh  a  tube  (aeo 
Fig.  1B3)  into  a  vessel  of  lime-water,  we  can 
demonstrate  the  abundant  prew^nce  oTcarbonic 
add  in  the  air  oxpcUcd  from  tlie  lungs.  The 
milkinoaa  occasioned  by  the  contact  <:£  car- 
bonic add  witli  lime-water,  disap^ieurs  when 
Iaa  additional  quantity  of  add  is  taken  up  by 
the  solution — carbonate  of  lime  being  soluble 
la  an  exoen  of  carbonic  add.  Uany  natural 
waters,  by  virtue  oC  an  sxceas  of  carbonio 
acid  contained  In  tbem,  hold  reiy  coosidemblo 
quantities  of  Ume  in  solution,  and  are  thereby 
rendered  "  hard."  When  such  waters  are  heated  or  agitated  with  air,  a  portion 
of  the  carbonio  add  escapes,  and  the  lime  is  predpitated — forming  in  boilera 
and  tea-kettles,  and  in  the  channels  of  streuns,  incrustations  of  Ume. 

435.  Petri  fact  ions. — It  often  happens,  when  an  organic  substance 
is  placed  in  water  holdii^  lime  in  solution  by  virtue  of  an  excess  of  carbonic 
add,  or  other  mineral  matter,  that  its  partides,  as  they  decay,  are  replaced 
by  partides  of  mineral  matter,  nnlil  at  last  all  the  organic  partides  dis^pear, 
and  a  stony  mass  is  substituted,  which  resembles  Uie  original  substance  in 


Tbs  Mop-ooekB  are  noir  dowd,  th«  tmwIs  dlmiinKlsd,  and  tli»  genenlor  opt 
tread  of  Iti  uolanU.  It  !•  then  ebugcd  afreib,  und  the  openUon  rep»led  u  bel 
or  III  repetlUoDi  being  neccBurr  before  u^  TBrjeooMdcrable  quuiUt7  ofllque 
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form  and  structure,  and  not  unfrequently  in  color.  This  result  is  termed 
petrifaction.  It  is  a  mistake,  however,  to  suppose  that  the  original  particles 
are  converted  into  stone ;  for  the  process  of  petrifection  is  one  of  replace- 
ment, and  not  of  conver^on,  t.  e.,  a  particle  of  mineral  matter  of  the  same 
form  being  substituted  for  each  organic  particle. 

436.  The  presence  of  carbon  in  carbonic  acid  may  be  demonstrated  by  drop- 
ping a  piece  of  ignited  potassium  into  a  small  flask  filled  with  the  dry  gas. 
The  potassium,  by  dt»priving  the  carbonic  acid  of  its  oxygen  to  form  potash, 
liberates  carbon,  which  is  deposited  in  the  form  of  black  particles  upon  the 
walls  of  the  glass.  This  experiment,  which  is  a  very  striking  one,  may  also 
be  performed  by  igniting  a  bit  of  potassium  in  a  glass  tube,  through  wliich 
&  current  of  dry  carbouic  acid  is  at  the  same  time  transmitted. 

437.  Carbonic  acid  is  evolved  from  the  earth  in  many  localities,  particu- 
larly in  volcanic  districts.  At  one  locality  near  Vesuvius  in  Italy,  it  is  esti- 
mated that  600  lbs.  weight  are  discharged  every  twenty-four  bours. 

438.  The  salts  formed  by  the  union  of  carbonic  add  with  the  protoxyda 
of  the  metals,  are  numerous  and  important,  and  are  termed  Cabbonates. 
They  are  easily  decomposed  by  contact  with  the  stronger  acids,  and,  with 
the  exception  of  the  carbonates  of  the  alkalies,  they  are  for  the  most  part  in- 
soluble in  water. 

439.  Carbonic  Oxyd,  CO.— When  carbonic  acid  is  passed 
over  red  hot  coal,  or  metallic  iron,  it  loses  half  of  its  oxy- 
gen, and  becomes  converted  into  carbonic  oxyd. 

This  reaction  is  often  witnessed  in  coal  fires.  The  fuel  in  the  lower  part 
of  the  grate,  which  has  free  access  to  air,  generates  by  its  combustion  carbonic 
acid.  This  passing  up  through  the  interior  of  the  fire,  where  the  supply  of 
air  is  limited,  is  deprived  of  half  of  its  oxygen,  and  becomes  carbonic  oxyd, 
while  at  the  same  time  the  carbon  of  the  heated  fiiel  which  has  entered  into 
combination  with  the  removed  oxygen  furnishes  another  equal  quantity  of  the 
same  gas.  On  coming  in  contact  with  the  air  at  the  top  of  the  fire,  the  car- 
bonic oxyd  ignites,  and  bums  with  a  flickering,  pale-blue  flame.  This  phe- 
nomenon may  be  particularly  noticed  in  a  charcoal  fire,  when  fresh  coal  has 
been  recently  added. 

Carbonic  oxyd  is  a  transparent,  colorless  gas,  which  is  much  more  poison- 
5>us  than  carbonic  acid ;  and  the  inhalation  of  air  containing  one  two  hun- 
dredths of  it,  for  any  considerable  length  of  time,  is  said  to  be  fatal.  Carbonic 
oxyd  may  be  obtained  with  facility  by  heating  crystallized  oxalic  acid  with 
^ve  or  six  times  its  weight  of  concentrated  sulphuric  acid  in  a  glass  retort, 
and  collecting  over  water.  As  thus  prepared,  it  contains  carbonic  acid,  from 
which  it  may  be  separated  by  allowing  the  mixed  gases  to  bubble  through 
milk  of  lime,  or  solution  of  potash. 

QuiESTiOKS. — ^Hoir  may  the  presence  of  carbon  in  carbonic  acid  be  demonstrated  ?  What 
is  said  of  the  natural  production  of  carbonic  acid  ?  What  of  its  salts  ?  What  is  carbonic 
oxyd  ?  What  is  a  familiar  example  of  its  production  ?  What  are  the  properties  of  car- 
bonic oxyd  ?    How  is  it  prepared  ? 


\ 
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By  generating  the  carbonic  oxjd  in  the  same  manner  in  a  test  tube  fitted 

with  a  perforated  cork  and  jet,  Fig.  154,  the  gas  may  be 
Fig.  154.         ignited  as  it  is  evolved,  and  its  peculiar  blue  flame  ex- 
hibited. 
440.  Carbon  and  Sulphnr^ 
Bi-Sulphide  of  Carbon,    OS9.— When  frag- 
ments of  sulphur  are   dropped  upon  ignited  charcoal 
contained  in  a  peculiarly  arranged  earthen  retort,  the 
sulphur  in  the  form  of  vapor  unites  with  the  carbon,  and 
the  product  of  the  combination  distilling  over,  maybe 
condensed,  in  cooled  receivers,  into  a  colorless,  transps^ 
rent  liquid — ^bi-sulphide  of  carbon. 

This  compound  is  highly  volatile  and  inflammable,  and 
is  characterized  by  a  most  foetid  and  peculiar  odor.  It 
possesses  the  power  of  refracting  light  in  a  remarkable 
manner,  and  as  the  most  ready  solvent  known  of  gutta-percha.  India-rubber, 
and  various  greasy  and  resinous  substances,  it  is  somewhat  extensively  ap- 
plied to  manufacturing  purposes.  It  also  dissolves  sulphur,  phosphorus^  and 
iodine— these  bodies  being  deposited  again  in  beautiful  crystals  by  the  t^po- 
ration  of  their  solvent. 
441.  Carbon   and   Nitrogen. 

Cyanogeni  ffCs  or  Cy . — This  substance,  which  is  one  of  th-  most 
interesting  compounds  of  carbon,  strikingly  resembles  an  element,  and  ^as  the 
first  compound  boiiy  which  was  distinctly  proved  to  be  capable  of  entering 
into  combination  with  the  elements  in  a  manner  similar  to  that  in  whicU  the 
elements  combine  with  each  other. 

This  discovery,  made  in  1814  by  Guy  Lussac,  formed  an  epoch  in  chemical 
science,  and  by  originating  new  views  of  chemical  composition,  revolution- 
ized the  whole  subject  of  organic  chemistry.  Since  then,  numerous  other 
bodies  have  been  discovered,  which  deport  themselves  in  respect  to  the  eld- 
ments  exactly  as  cyanogen  does — or  in  other  words,  as  if  they  themselves 
were  elements.  Such  compound  bodies  are  known  in  chemistry  as  compound 
or  organic  radicals; — the  elements  being  simple  radicals.    (See  §  271.) 

The  name  cyanogen  (blue-producer,  from  the  Greek  Kvavo^^  blue)  is  derived 
from  the  circumstance  that  this  body  forms  an  essential  ingredient  in  the  pig- 
ment, *'  Prussian  Blue." 

Cyanogen  consists  of  2  equivalents  of  carbon,  and  1  of  nitrogen ;  but  no 
direct  union  of  these  elements  can  be  effected. 

For  experimental  purposes  on  a  small  scale,  it  may  be  obtained  by  heating 
in  a  small  retort^  or  test  tube  (see  Fig.  155),  the  salt  known  as  cyanide  of 
mercury,  previously  reduced  to  a  fine  powder,  and  well  dried.    The  cyanide 


Quv8TioxB.~What  is  bisalphide  of  carbon?  What  is  its  method  of  preparation? 
What  are  its  properties?  What  its  practical  applications?  Wliatis  said  of  cjranogen? 
Wliat  are  compound  or  organic  radicals  ?  What  in  chemistry  is  understood  by  a  radical? 
Wliat  is  the  chemical  constitution  of  cyanogen  ?    How  may  it  be  prepared? 
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undergoes  decomposition,  like  the  oxyd  of  mercury  under         Pig.  155. 
the  same  circumstances  (§  281),  yieldhig  metallic  mer- 
cury and  gaseous  cyanogen,  which  should  be  collected 
over  mercury. 

442.  Properties • — Cyanogen  is  a  transparent,  col- 
orless gas,  with  a  pungent,  peculiar  odor,  somewhat  resem- 
bling that  of  peach  kernels;  it  is  nearly  twice  as  heavy 
as  atmospheric  air,  and  when  inhaled,  is  poisonous.  It  is 
inflammable,  and  bums  with  a  beautiful  and  character- 
istic purple  flame.  At  a  temperature  —4°  Py  it  liquefies, 
and  forms  a  colorless,  limpid  liquid,  which  freezes  at 
— 300  p,  into  a  transparent  solid. 

Cyanogen  in  many  of  its  properties  closely  resembles 
chlorine,  and  like  it  unites  with  hydrogen  to  form  an 
.acid,  and  with  the  metals  to  form  salts,  termed  cyanides, 
which  latter  possess  the  characteristic  properties  of  the  haloid  salts. 

443.  Ferrocyanide  of  Pota8Riiiin,'K,,FeCysH-3H0.  — 
PrusmUe  of  Potash. — ^The  compounds  of  cyanogen  are  almost  adways  obtained 
from  a  salt  known  as  ferrocyanide  of  potassium,  or  yellow  prussiate  of  potash, 
which  is  a  double  cyanide  of  potassium  and  iron.  This  S£Jt  is  prepared  on  a 
large  scale,  by  heating  in  a  covered  iron  pot  or  retort,  about  5  parts  of  refuse 
animal  matter,  such  as  the  parings  of  hoofis,  horns,  hides,  dried  blood,  etc, 
with  2  parts  of  carbonate  of  potash  (pearlash),  and  iron  filings.  At  a  high 
temperature  the  nitrogen  and  carbon  of  the  animal  substances  react  upon 
each  other,  and  form  cyanogen,  which  combines  with  potassium  derived  from 
the  potash,  and  with  iron.  On  digesting  the  mass,  when  cold,  with  water, 
the  ferrocyanide  of  potassium  (Ks,  Pe  Cys+S  HO)  is  formed,  and  may  be  ob- 
tained, by  filtering  and  evaporating  the  solution,  in  splendid,  yellow,  flat 
crystals.     In  this  condition  it  forms  an  important  article  of  commerce. 

444.  Prussian  Blue . — When  a  solution  of  ferrocyanide  of  potassium 
is  added  to  a  solution  of  peroxyd  of  iron,*  a  beautiful,  deep-blue,  bulky  pre- 
cipitate is  obtained,  which,  when  washed  and  dried,  constitutes  the  well- 
known  pigment,  Prussian,  or  Berlin  blue — so  called  from  its  discovery  at 
Berlin,  in  Prussia,  in  1*710.  Tliis  substance  is  largely  used  in  painting,  in 
calico-printing,  and  dyeing,  in  staining  wood  and  paper,  and  for  concealing  or 
neutralizing  the  yellow  color  of  linen  (an  operation  termed  blueing).  Cloth 
may  be  dyed  blue  by  first  immersing  it  in  a  solution  of  peroxyd  of  iron,  and 
then  in  one  of  ferrocyanide  of  potassium ;  the  two  substances  thus  meeting 
in  the  structure  of  the  doth,  precipitate  or  produce  the  color  in  the  very  in- 
terior of  the  fibers. 


*  A  solntion  of  peroxyd  of  iron  may  be  readily  obtained  by  dissolving  a  few  erystala  of 
eopperas  (green  vitriol)  in  water,  adding  a  little  nitric  acid,  and  heating  the  solution. 


QuESTio^B.— What  are  its  properties?  What  is  said  of  its  affinities  and  compounds ? 
What  is  ferrocyanide  of  potassium?  How  is  it  prepared  ?  How  is  Prussian  blue  pr©- 
pared  ?    What  are  its  uses  ?     How  is  cloth  dyed  of  this  color  ? 
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* 

446.  Bine  Ink  .-^Pnissian  blue  is  insoluble  in  water  and  in  diluto  acids, 
with  the  exception  of  oxalic  acid.  The  blue  liquid  obtained  from  its  soludon 
in  this  acid)  thickened  with  gum,  oonstitutes  the  well-known  blue  ink,  or 
writing  fluid. 

The  color  of  Prussian  blue -is  not  very  permanent,  and  is  instantly  destroyed 
by  the  action  of  the  alkalies.  The  substance  itself  is  formed  by  the  union 
of  cyanogen  with  iron;  and  its  composition,  which  is  somewhat  complex, 
may  be  represented  by  the  formula  (3  Fe  Oy-f-2  Fc)  Cyg).  Although  con- 
taining cyanogen,  a  poison,  Prussian  blue  is  not  poisonous,  and  is  used  by 
the  Chinese  in  large  quantities  for  the  coloration  of  "green  tea"* 

When  ferrocyanide  of  potassium  is  added  to  a  solution  of  protoxyd  of  iron 
(green  yitriol),  it  occasions  a  greenish-white  precipitate,  which,  by  exposure 
to  air,  rapidly  becomes  blue. 

Ferrldcyanide  of  Potassium . — ^When  chlorine  gas  is  passed 
through  a  solution  of  ferrocyanide  of  potassium,  a  salt  crystallizing  in  ruby  red 
crystals  is  obtained,  which  contains  a  larger  proportion  of  cyanogen  than  the 
ferrocyanide  of  potassium ;  and  is  known  as  the  ferrldcyanide  of  potassium, 
or  the  red  Prussiate  of  potash.  When  added  to  a  solution  of  the  protoxyd  of 
iron,  it  produces  a  dark-blue  precipitate,  but  with  solutions  of  the  peroxyd  it 
forms  no  precipitate.  By  the  use,  therefore,  of  the  ferro  and  ferrid  cyanides 
of  potassium,  chemists  are  easily  able  to  distinguish  between  salts  of  the  per- 
oxyd and  salts  of  the  protoxyd  of  iron. 

446.  Cyanide  of  Potassium,  KCy . — ^When  8  parts  of  ferro- 
cyanide of  potassium,  3  of  carbonate  of  potash,  and  1  of  charcoal,  are  exposed 
to  a  strong  red-heat  in  an  iron  crucible,  a  compound  of  cyanogen  and  potas- 
sium is  obtained — ^the  cyanide  of  potassium.  This  salt,  when  pure,  somewhat 
resembles  white  porcelain  in  appearance ;  it  is  freely  soluble  in  water,  and 
when  taken  into  the  stomach,  is  a  deadly  poison.  The  hands  of  the  work- 
men who  use  this  salt  are  also  liable  to  ulceration. 

Tlie  solution  of  cyanide  of  potassium  in  water  possesses  the  property  of  dis- 
solving most  of  the  metallic  oxyds,  especially  those  of  the  precious  metals;  it 
is,  on  this  account,  therefore,  extensively  used  for  the  preparation  of  the  gold 
and  silver  solutions  employed  in  electro-gilding  and  plating.  A  solution  of 
cyanide  of  potassium  will  dissolve  out  the  black  marks  of  "  indelible  ink," 
which  is  a  solution  of  the  oxyd  of  silver. 

447.  Hydrocyanic  Acid,  My.—Prusstc  Acid.  —  This 
compound,  bo  remarkable  for  its  poisonous  properties,  is 

*  The  progrew  of  chemical  science  is  stxiklnglf  illaskrated  bf  the  flactnatioxM  in  the 
price  of  this  pigment ; — thus  in  1770,  its  price  was  $10  perponnd ;  in  1816,  $8 ;  in  1825, 
W)  cents ;  and  at  the  present  time,  about  80  cents. 

QuEBTioNB.— What  is  bine  ink  f  What  Is  said  of  the  permanency  of  the  color  of  Pros- 
sian  bine  f  What  is  its  composition  ?  What  is  the  reaction  of  ferrocyanide  of  potassinm 
and  protoxyd  of  iron  ?  What  is  ferridesranide  of  potasrinm  ?  What  are  its  reactions  with 
the  eolations  of  tiie  oxyds  of  iron  ?  Kow  is  cyanide  of  potassium  formed  t  What  are  its 
properties  ?  What  its  practical  applications  f  What  is  said  of  the  formation  of  pmasiB  add  ? 
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formed  by  the  indirect  union  of  cyanogen  and  hydrogen. 
It  is  easily  obtained  by  distilling  cyanide  of  potassium 
with  dilute  sulphuric  acid. 

The  reaction  is  similar  to  tliat  involved  in  the  production  of  hydrochlorio 
add  from  common  salt  and  sulphuric  acid  (§  358),  thus: — 

PyanMe  of  potassium.       Salph.  acid.  Salph.  potash.     .    Hydroeyanle  aoid. 

KCy      +      SOa,  HO      —      KG,  SOs      +    HOy. 

In  its  pure  state,  hydrocyanic  acid  is  a  colorless,  transparent  liquid,  with  a 
feeble  add  reaction.  It  is  lighter  than  water,  and  so  extremely  volatile,  that 
if  a  drop  be  allowed  to  fall  upon  a  glass  plate,  a  part  ofjhe  acid  will  be  frozen 
by  its  own  evaporation.  Its  vapor  has  an  odor  of  peach-blossoms  or  bitter 
almonds,  and  both  of  these  substances  owe  their  peculiar  flavor  in  part  to  the 
presence  of  this  acid  in  their  composition. 

Hydrocyanic  acid  is  the  most  fetal  of  all  the  poisons  known  to  the  chemist. 
A  singly  drop  of  the  concentrated  acid  upon  the  tongue  of  a  large  dog  pro- 
duces immediate  death ;  and  a  slight  inhalation  of  its  vapor  occasions  very 
disagreeable  sensations.  When  largely  diluted  with  water,  it  is  sometimes 
given  in  medidne  in  very  minute  doses.  Ammonia,  brandy,  and  chlorine 
are  its  best  antidotes.  A  suspension  of  animation  occasioned  by  an  over-dose 
of  it  does  not  always  result  in  death,  if  proper  remedies  are  employed. 

Physiologists  are  not  fuUy  agreed  as  to  the  cause  of  the  almost  instantan- 
eous death  occasioned  by  this  acid.  By  some  it  is  supposed  to  act  upon  the 
vital  organs  by  reason  of  a  sympathetic  shock  transmitted  to  the  nerves ;  and 
by  others  the  effect  is  ascribed  to  an  almost  immediate  absorption  of  the  poison 
into  the  system. 

Various  parts  of  many  plants  belonging  to  the  order  Rosacea^  such  as  bitter 
almonds,  the  kernels  of  plums  and  peaches,  the  leaves  of  the  cherry-laurel, 
etc,  yield,  on  distillation  with  water,  a  sweet-smelling  liquid  containing  hy- 
drocyanic acid. 

448.  Cyanogen  and  Oxygen • — Cyanogen  further  resembles  an 
element  in  the  circumstance  that  it  is  capable  of  uniting  with  oxygen,  in  sev- 
eral proportions,  to  form  acids,  which,  in  turn,  unite  with  bases  to  produce 
salts.  The  two  best  known  of  these  oxyds,  cyanic  and  fulmiuic  adds,  have 
an  identity  of  chemical  constitution,  but  entirely  different  properties. 

449.  Cyanic  Acid)  CyOisa  highly  volatile  liquid,  which  decomposes 
quietly,  but  so  readily,  that  it  is  exceedingly  difficult  to  preserve  it  in  unal- 
tered condition ;  its  salts  are  termed  cyanates. 

450.  Fulminic  Acid)  CygO^,  wliich,  like  cyanic  acid,  is  composed 
of  equal  atoms  of  cyanogen  and  oxygen,  is  not  known  in  a  separate  state.  Its 
compounds  with  tho  metallic  oxyds  are  termed  fulminates,  since  they  explode^ 

QincsTiONB. — ^What  chemical  reaction  is  involved  in  its  preparation  ?  What  are  the  pro- 
perties of  proflsic  acid  ?  What  ia  said  of  its  poisonous  qualities  ?  What  are  its  antidotes? 
Uoir  is  it  supposed  to  occasion  death?  From  irhat  vegetable  productions  may  prusds 
add  be  ob^lned?  In  what  other  respects  does  cyanogen  resemble  an  element?  Whafc 
is  said  of  cyanic  acid  ?    What  of  fulmiuic  add  ? 
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from  the  slightest  disturbing  caases,  with  fearful  yiolenoe.  The  oompoond 
with  mercury,  termed  "  fulminating  mercurj,"  is  prepared  by  dissolving  1 
part  of  mercury  in  12  parts  of  nitric  acid,  and  mixing  the  solution  with  an 
equal  quantity  of  alcohol ;  on  the  application  of  gentle  heat,  chemical  action 
ensues,  accompanied  by  the  evolution  of  copious  white  fumes,  and  the  fulmin- 
ate separates  in  white  crystalline  graina  As  thus  obtained,  it  constitutes^ 
when  mixed  with  six  times  its  weight  of  saltpeter,  and  made  into  a  pasta 
with  water,  the  composition  used  for  filling  percussion  caps. 

Besides  the  fulminate  of  mercury,  analagous  compounds  may  be  formed  in 
a  similar  manner  with  oxyds  of  silver,  copper,  sdnc,  and  other  of  the  elements. 
All  of  them  are  exceedingly  dangerous  to  handle,  and  the  fulminate  of  silver 
ranks  next  to  the  chloride  of  nitrogen  in  explosive  character ;  thus,  it  explodes 
under  water  when  heated  to  212^  F.,  and  also  when  in  a  moist  state  by  fiic- 
tioya  with  a  hard  body ;  when  dry,  the  touch  of  a  feather,  or  the  vibration  of 
the  house  occasioned  by  the  rolling  of  a  carriage,  is  also  sufiBcient  to  cause  its 
violent  decomposition.  The  fulminic  acid  separates,  on  exploding,  into  nitro- 
gen, carbonic  oxyd,  and  the  vapor  of  water,  the  metal  being  set  f^oe.* 

451.  Cofflponnds  of  Carbon  and  Hydrogen.— The  com- 
pounds of  carbon  with  hydrogen  are  numerous,  and  are 
all  derived  from  the  decomposition  of  bodies  of  an  or- 
ganic origin.  Some  of  these  are  liquid,  some  solid,  and 
others  are  gaseous. 

The  consideration  of  two  of  them  only  properly  pertains  to  the  department 
of  inorganic  cbemistiy.  These  are,  light  carburetted  hydrogen  gas,  C9H4,  and 
heavy  carburetted  hydrogen,  or  defiant  gas,  O4H4. 

462.  Light  Carburetted  Hydrogen,  CsH4. — Marsh  Gas; Fire- 
damp.— This  gas  occurs  abundantly  in  nature.  It  is  evolved  from  rock-fissures 
in  coal  mines,  and  forms,  in  connection  with  atmospheric  air,  an  explosivo 
compound,  known  to  the  miners  as  "  fire-damp."f  It  is  also  a  constant  product 
of  the  putre&ctive  decomposition  of  wood  and  other  carbonaceous  bodies  un- 
der water,  and  may  be  obtained  fix)m  this  source  by  stirring  the  mud  at  the 
bottom  of  stagnant  pools,  and  collecting  the  gas  as  it  rises  by  means  of  an 
inverted  bottle  and  tunnel  (See  Fig.  155.)  At  Kanawha,  in  Yirginis,  this 
gas  rises  in  immense  quantities  in  connection  with  salt-water  from  Artesian 

*  The  detonating  bombs  with  which  the  life  of  Napoleon  IIL  was  attempted  In  1858, 
vere  filled  with  fulminating  mercnry. 

t  In  this  condition  it  acenmulates  in  the  galleries  of  coal  mines  in  large  qaantitjes,  and 
when  fired  hj  accidental  contact  with  flame,  explodes  with  fearful  violence.  The  product 
of  the  explosive  combustion  is  munly  carbonic  acid,  so  that  the  workmen  in  the  mine  who 
escape  death  by  burning,  are  almost  certain  to  be  afterward  suffocated.  By  an  explosion 
ofthischaracter  at  the  Felling  colliery  in  England,  in  1812,  02  persons  lost  their  lires. 
These  accidents  have  now  been  in  a  great  measure  prevented  by  the  use  of  the  "  rnfetj 
lamp.'* 

QuiESTiONB. — How  is  fulminating  mercnry  prepared?  To  what  use  is  it  applied? 
What  Lb  said  of  the  other  fulminates  ?  What  is  said  of  the  compounds  of  carbon  and  hy- 
drogen f    What  is  said  of  light  carburetted  hydrogen  f    What  is  **  fireKUmp >' 


welta,  and  being  oooductod  by  an  ar- 
raogement  of  pipea  uader  die  sall- 
boilera,  AimiBhcB  HuScieat  heat  bj 
its  combustioD  to  evaporato  tho  brine. 
A  aimtlar  natural  suppl/  of  thia  gaa 
in  the  tovrn  of  Fredoiita,  ia  New 
Tork,.bas  for  many  years  past  been 
cilenavelj  applied  lor  illuminating 


453.  Properliea.— Light  cai^  ! 

burottod  hydrogen  is  a  colorless,  in- 
odorauH,  tasteless  gas,  aliglitly  soluble 
in  water,  and  when  dduted  with 
common  air  may  be  inhaled  with- 
oat  iQjuiy.  Its  weight  ia  about  half 
that  of  air.  It  does  not  iuppoit  com- 
bustion, but  ia  itself  inflamnuible,  and  ' 
bums  witli  a  yellow,  luminous  flame. 

When  mingled  with  air  or  oxygen  gas  it  forms  explosive  eompounds.     lOU 
paita  of  thia  pas  by  wdght,  conrist  of  76  carbon  and  25  hydrogen. 
451.  Heavy  Carburet  ted  Hydrogen.    Ole  riant  Gsk,  V^Va. 

— Thia  gns  was  discovered  in  1796  by  an  assodation  of  Dutch  cbemisla,  wlio 
ga?o  iC  the  Damo  of  "  olcfiant"  (oil-producer),  from  its  fonnalion  with  chlorioo 
of  a  compound  having  the  appearance  of  uiL  It  does  not  occur  naturally, 
but  13  obtained  by  the  destruotlvo  distillation*  of  oil,  and  also  in  connection 
with  light  carbaretted  hydrt^on  and  some  other  substances,  when  coal,  rean, 
tar,  DSphultum,  fat,  animal  reliiBe,  and  ^milar  intlammnble  matlcra  are  distilled 
tor  the  purpose  oT  obtaining  gas  for  artificial  illumination. 

j,jg_  jjg_  Olcflant  gaa  ia  eosily  prepared  hy  heating  to- 

gcther  1  measuro  of  strong  alcohol  with  2  meas- 
ures of  oil  of  vitriol  in  a  retort  or  flask  capable  of 
holding  at  least  four  times  tlie  bulk  of  the  liquid 
introduced.  (See  Fig.  156.)  The  gas  oomea  off 
freely  at  llrst,  but  by  degrees  the  mixture  black- 
I  ens  and  froths  up,  so  that  a  cateM  regulation  of 
the  heat  la  neceesary.  It  is  accompanied  by  the 
rapor  of  ether,  and  toward  the  close  of  the  pro- 

Ii  <xm  by  Bulphuroita  acid  in  large  quantities ;  but 
I  it  may  be  purified  by  cauainf^  it  to  pass,  first 
I  through  a  Woolfe's  bottle  cont^nhig  a  solution 
~  of  potaah,  then  throi^h  oil  of  vitriol,  aud  finally 

collecting  over  water,       

>nipDBhiaa  of  ft  iHdy  nbicctdd  to 

L  or  oletlint  gur    Iloir  la  It  ob- 
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465.  Properties  • — Olefiant  gas,  as  thus  prepared,  is  a  colorless  gaSi 
with  a  &int,  sweetish  odor.  It  is  slightly  soluble  ia  water,  and  has  about  the 
same  density-  as  air.  It  was  liquefied  by  Faraday  under  great  cold  and  presr 
sure,  but  remained  unfrozen  at  — 166^  F; 

Olefiant  gas  does  not  support  life  or  combustion,  but  is  itself  very  inflam- 
mable, and  bums  with  a  splendid  white  light,  £ar  surpassing  in  brilliancy 
that  produced  by  light  carburettcd  hydrogen.  When  mixed  with  oxygen 
and  fired,  it  explodes  with  great  noise  and  violenca  This  may  be  illustrated 
by  passing  bubbles  of  the  mixed  gases  through  water,  and  igniting  them  at 
the  surface,  care  bemg  taken  not  to  communicate  fire  to  the  vessol  containing 
the  mixture. 

The  composition  of  olefiant  gas  is  2  volumes  of  hydrogen  and  2  of  carbon 
yapor  condensed  into  1  volume. 

When  olefiant  gas  is  mixed  over  water  with  an  equal  volume  of  chlorine, 
the  two  gases  gradually  unite,  and  form  a  heavy,  sweetish,  aromatic  liquid. 
This  substance,  which  collects  in  oily-looking  drops  in  the  water,  is  conmionly 
known  as  "  Dutch  liquid,"  fix)m  its  discoverers. 

An  instructive  experiment  may  be  also  performed  by  mixing  in  a  tall  jar  2 
measures  of  chlorine  and  I  of  olefiant  gas.  On  applying  a  light  to  the  mouth 
of  the  vessel,  the  mixture  bums  quietly — ^the  chlorine  imiting  with  the  hydro- 
gen to  form  hydrochloric  acid,  while  the  carbon  is  deposited  in  the  form  of  a 
dense  black  smoke. 

456.  Illaminatins  Gas,  prepared  by  distilling  in  close 
vessels  bodies  rich  in  hydrogen  and  carbon,  but  deficient 
in  oxygen,  is  always  a  mixture  of  olefiant  gas,  light  car- 
buretted  hydrogen,  carbonic  oxyd,  and  hydrogen  in  va- 
riable proportions,  depending  upon  the  nature  of  the  sub- 
stance, and  of  the  process  of  manufacture. 

The  most  valuable  constituent  of  all  illuminating  gases,  Is  olefiant  gas ;  and 
if  this  gas  could  be  procured  sufilciently  cheap,  it  would  be  used  alone  in 
preference  to  all  others ;  but  as  this  is  not  the  case,  we  are'  obliged,  from  mo- 
tives of  economy,  to  be  content  with  a  mixture  of  olefiant  and  other  gases, 
such  as  is  yielded  by  the  decomposition  of  oUs,  &ts,  resins,  coals,  and  the  like 
substances.  Oils  and  &ts,  when  distilled,  yield  a  product  very  rich  in  ole- 
fiant g^  which  has  double  the  illuminating  power  of  the  best  coal  gas,  and 
three  times  that  of  ordinary  coal  gas.  Resins  also  yield  a  highly  illuminating 
gas.  The  first  cost,  however,  of  oil  and  resin  is  so  much  greater  than  that 
<Jf  coal,  that  the  former  are  not  able  in  an  economical  point  of  view,  to  com- 
pete with  the  latter,  although  the  product  of  gas  from  coal  is  every  way  in- 


QmcsTiovs.— What  are  its  properties?  What  is  said  of  the  inuminating  properties  of 
olefiant  gas  ?  What  oompoand  does  it  form  with  chlorine  ?  What  phenomena  attend  its 
combostion  with  chlorine  ?  What  is  illuminating  gas  ?  What  is  its  most  valuable  con- 
stituent ?  What  are  the  companitiye  Talaes  of  oils,  resins,  and  coals  for  the  manufacture 
of  gas? 


fbrior  to  that  from  <m1  and  rcan. 
Thus  a  pound  of  coal  yields  from 
3  to  4  cubic  feet  of  gas;  a  pui 
oil,    15  cubic  feet;  of  tar,  1! 
ofrcain,  10. 

457.  Coal  Gas  la  only  pn 
from  the 
coul,  but 
not  Stled  for  gaa  maoufiicture 
production  of  gas  depends  np 
application  of  a  high  tomperat 
the  coal.  At  a  moderate  heal 
aa  400°  F.,  the  volatjle  conati 
of  the  coal  Bepanttontainlyas! 
— (ul  and  tar — with  httle  or  i 
mixture  of  permajieiit  gas ; 
a  chenj-red  heat,  or  a  liltlo  1 
there  ia  on  abundaat  producl 
gas,  with  only  a  small  prod 
of  tar,  etc  That  rario^  c 
known  as  "  oanoel,"  ia  far  si 
to  all  otiiera  lor  the  product 
gas. 

Tha  manulactnro  of  coal 
divided  into  three  processes,  ■ 
formation,  puriflcation,  col 
and  distribution. 

Its  formation  is  always  eT- 
focted  in  semi-cylindrical 
tubes  of  cast-iron,  called  re- 
torts, arranged  in  fiirnaceB, 
aa  is  Topreaented  at  B  F, 
F^.  157.  The  cylindera  are 
closed  at  the  posterior  end, 
and  open  in  Snat,  each  being 
provided  with  a  door,  whicb 
is  made  to  fit  wr-tight  by 

clay.      In    veiy   oxteiulve 

gas-works  there    are   from 

400  to  eOD  retorts,  of  wMdi 

from  200  to  300  are  worked  night  and  day — each  retort  being  chained  with 

about  120  lbs.  of  coal  every  6  hours.    The  residue  left  in  Uie  retorts  after  all 

QcnTiDHt.— Whst  cmlisre  lined  rarpwinuiiiruttDref  Dpon  ir1 
tlon  ofgu  (romeul  dependt  Into  slut  Uuoe  pracniuM  li  gu  n 
DsKTllH  the  bnuilDD  of  c«l  gaa. 


it  daw  Uw  prodDO- 
.Doludkura  dlvidod  t 
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the  volatile  producta  of  tho  coal  have  bceo  evolved,  ia  coko,  which  is  raked 
out,  cooled,  aail  ased  for  fiieL  It  is  worth,  for  heating  purposes,  as  much  or 
more  than  the  coal  origioaUy  was  ftom  which  it  is  derived,  and.  thereTore, 
tho  cost  ol  the  ooal  used  in  the  retorts  ia,  theoretically,  nothinp.  BV.  Kj8 
represents  tho  mamier  of  cliargiog  and  clearing  the  relorls,  and  the  geuti*! 
pppearanoo  ofthefUniacosof  Lu^  gas-vnnks. 
Fio.  158. 


The  volatile  producta  evolved  by  boat  ftom  the  coal  are  light  and  hosTj 
carburetted  hydrogen,  carbonic  oxyd.  hydrt^n,  oily  vapors,  sulphurous  acid, 
sulphuretted  hydrogen,  ammonia,  carhOTiic  acid,  nqueous  vapor,  nitrogen,  and 
amall  quantities  of  many  other  aubstancea.  This  mixture  is  totally  unfit  fa 
Qlumiiuitiiig  purposes  until  puriSed,  which  is  adwmplished  as  fbllows  r — 

t^nsTioB.— What  are  tha  volatUg  prodncU  eiglTsd  rrom  Ihe  Boall 
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The  gases  and  vapors,  as  tliejr  are  evolved  from  the  coal,  flow  out  of  the 
retorts  through  iron  pipes  into  a  receiver  half  filled  with  water,  which  is 
caUed'the  hydraulic  main,  H,  Fig.  157 — the  extremities  of  the  pipes  dipping 
beneath  the  surface  of  the  water,  in  order  to  prevent  the  gas  from  returning 
into  the  retorts  when  the  doors  are  opened.  In  the  hydraulic  main  a  consid- 
erable quantity  of  the  matters  volatilized  with  the  gas  are  deposited,  viz., 
ammonia  and  the  oily  vapors,  which  condense  into  a  black,  semi-Uquid  mas^ 
known  as  "  coal-tar."  The  gaseous  products,  however,  being  still  hot,  retain 
various  other  inatters  in  a  vaporous  state,  which,  unless  separated,  would  in 
cooling  condense  in  distant  parts  of  the  apparatus,  and  stop  up  the  pipes. 
The  hot  gas  is  therefore  made  to  pass  from  the  hydraulic  main  into  large  up- 
right iron  tubes^  surrounded  with  cold  water,  which  are  called  condensers, 
in  which  the  remaining  vapors  condense  into  a  liquid,  and  trickle  down  into 
reservoirs  provided  for  their  reception,  C,  Fig.  157.  From  the  condensers, 
the  gas  passes  through  a  cylindrical  vessel,  P,  Fig.  157,  filled  with  cream  of 
lime,  kept  in  a  state  of  constant  agitation  by  means  of  a  wheel,  or  stirrer,  8  8. 
This  lime  removes  the  carbonic  acid,  the  sulphur  compounds,  and  the  re- 
maining ammonia  from  the  gas,  which  is  then  discharged  into  the  gasometer, 
and  is  ready  for  distribution. 

Dry  lime  arranged  upon  a  series  of  shelves,  over  which  the  gas  is  made  to 
pass,  is  also  used  for  purification.  As  the  gas  leaves  the  lime-purifiers,  the 
aqueous  vapor  which  it  always  contains  in  a  greater  or  less  quantity,  takes 
up  mechanically  certain  portions  of  the  lime ;  each  Uttle  particle  being  in- 
closed in  a  microscopic  vesicle  or  bubble  of  vapor,  which  floats  in  the  gas 
with  its  burden  like  a  miniature  balloon.  In  the  combustion  of  the  gas  these 
vesicles  of  vapor  burst,  and  their  inclosed  particles  of  lime  lieing  liberated, 
occasion  the  sparkling  which  may  be  gener^y  observed  in  the  flame  of  coal 
gas. 

In  the  beginning  of  the  distillation,  the  olefiant  gas  forms  about  one  fiflh 
of  the  entffe  volume,  but  toward  the  end  of  the  process,  or  by  too  strong  a 
red-heat,  its  quantity  considerably  diminishes,  while  that  of  hydrogen  increases. 
The  great  bulk  of  ordinary  coal  gas  is  hght  carburetted  hydrogen ;  the  gas 
first  given  ofif  firom  good  coals  consisting  of  13  of  olefiant  gas^  82*5  carburetted 
hydrogen,  3*2  carbonic  oxyd,  and  1*3  nitrogen.  After  the  lapse  of  5  hours 
the  product  consists  of  7  olefiant  gas,  56  carburetted  hydrogen,  11  carbonic 
oxyd,  21*3  hydrogen,  and  4*7  nitrogen.  The  free  hydrogen  and  carbonic 
oxyd  present  in  coal  gas  give  no  light,  and  are  positively  injurious,  by  dilut- 
ing the  illuminating  gases. 

Gras  is  sold  by  the  cubic  foot,  or  by  the  thousand  cubic  feet ;  and  an  ordi- 
nary gas-flame  is  generally  estimated  to  consume  from  1  to  1^  cubic  feet  per 
hour. 

458.  6ai  Meters . — Gras  is  measured  by  means  of  a  self-acting  instru- 

QiTxsnoNB. — How  is  the  gai  parified  ?  What  proportion  of  coal-gas  is  olefiant  ?  What 
proportion  is  light  carburetted  hydrogen  f  How  is  gas  sold  ?  How  mnoh  gas  will  an  or- 
dinary  bomer  ooiuiume  in  an  hour?  How  is  gas  mtasured ?  Describe  the  construction 
of  the  meter. 
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ment  caUed  a  meter.  I(a  principle  of  conatructUm  and  woridn^  ma;  be  fllus- 
traced  aa  follows;  When  a  number  of  vessels,  of  known  capacity,  are  to 
arranged  that  (without  loss  of  gas  in  the  interval)  one  alter  Hie  other  ehall  bo 
filled  by  gas  in  paaeing — and  fbr  tbia  purpose,  are  Inverted  in  water,  into 
whioh  tlie  gas  enters,  as  in  the  case  of  an  ordinary  gasometer — it  fbllowa,  that 
just  aa  manj  cubic  (bet  will  have  poxsed  aa  tbere  are  vessela  that  have  been 
filled.  If  all  these  vessela  are  attached  to  a  common  axis  and  revolve  wilh 
ll,  aa  each  in  succession  fills  and  liaes,  the  axis  will  be  turned  once  ntnnd, 
P,g  jgj,  Uiereby  indicating  the  pasa^iie  of  i  cubic  lect 

of  gas.    Now,  in  the  ordinary  gas-meter  [bm 
Fig.  169),  instead  of  tbor  separate  vessela,  tbero 
is  an  outer,  cylindrical  cose,  A.  A,  torae  Oau 
I   half  filled  with  water,  and  a  cylindrical  dram, 
\  divided  mio  fbnr  compartraenta,  B  B  B  B,  re- 
I  Tolving  in  iL    The  gas  enters  inlo  the  revelv- 
W  ing  inner  drum,  by  a  pipe  at  ita  center,  and 
r   dischargee  its  gas  into  the  compartment  wMch 
may  happen  to  be  over  it,  causing  tiie  compart- 
ment to  rise,  and  the  dram  to  perform  a  portion 
of  a  Involution.    When  the  compartment  b^ 
comes  en&ely  filled,  its  edg^  D,  ia  lifted  so  &r 
out  of  the  water  that  the  gas  contained  in  it  escapes  (passing  in  the  direction 
of  the  arrows)  into  the  space  between  the  two  drama,  and  ia  conveyed  away 
by  a  tube  not  shown  in  the  figure.    The  revolving  drum  is  connected  with 
clock-work,  which  sbovrB  by  an  index  the  number  of  revolationa  made,  aiid 
ths  capacity  of  the  compartmeDla  bting  known,  the  qoantity  of  the  gas  pass- 
ing through  ia  accurately  determined.     The  meter  described  is  known  as  the 
"  wet  meter,"  and  is  the  ono  in  most  general  use.     Other  arrangcmenla  em- 
ployed for  measurizig  gas,  diapeuse  with  the  water,  and  are  termed  "  dry 
meters."* 

459.  Illuminating  gas  of  all  kinds,  when  mixed  with  (ur  In  certain  proper- 
tiona,  fbrms  explosive  mixturea ;  care,  therefore,  aliould  be  taken,  not  to  enter 
an  apartment  pervaded  with  a  strong;  odor  of  gas,  with  a  Is^t,  until  a  tiux- 
oi^h  ventilation  has  been  eflectcd. 

•  Tbll  gM-mBlBT,  »h«ii  property  cajaitriiclcd,  li  u  eiceodlngij  MCdimto  ln>trnBi<nl, 
tboqgh  frequent  dUVereDDM  arlae  on  thLt  an bjeot  between  gu  compuiifl  And  UieLr  ciutom- 
«rfl.    Theu  dlKrepande*,  oecarriog  between  one  period  of  conHuniplian  and  mnother,  juid 

qaiUt;  of  tHe  gu  ftimiihed!  for  It  ia  afact  Dot  luSeientlj  known,  Uinl  Che  potverthi 
ntof  Ught. 


of  llghl,  n. 


It  ii  tbe  ebeap«it  to  produei 


Qa£sno:v.— Wbflt  fi  laid  of  Uio  eiplo^ve  compoonda  of  ill 
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460.  History . — ^The  &ct  that  a  coiQbuitiblo,  illuminating  gas,  is  pro- 
duced during  the  dooomposition  of  ooal  by  heat,  was  first  noticed  in  1664,  but 
it  is  only  within  the  present  century  that  any  general,  practical  application  of 
this  knowledge  has  been  made.  Gas  was  first  employed  for  street  illumina- 
tion in  London  in  1812,  and  in  Paris  in  1815.  The  majority  of  householders 
in  London  were  opposed  to  its  introduction  into  the  streets  of  that  city,  and 
for  many  years  the  advocates  of  the  use  of  gas  for  general  illumination,  en- 
countered a  great  amount  of  opposition  and  ridicule.* 

461.  Gas  is  manufactured  fi'om  oil,  resins,  grease,  etc.,  by  causing  them  to 
trickle  into  a  retort  containing  fragments  of  coke,  or  bricks  heated  to  redness. 
Decomposition  of  the  oily  substances  immediately  takes  place,  and  the  gas 
evolyed  needs  only  to  be  cooled  to  adapt  it  to  immediate  use. 


CHAPTER  VII. 

COMBUSTION. 


462.  History. — Fire,  in  the  opinion  of  the  ancients,  was 
one  of  the  four  elements  of  nature — earth,  air,  and  water 
being  the  other  three. 

This  doctrine  was  generally  received  until  the  middle  of  the  llih  century 
(1650),  when  a  new  theory,  accounting  for  the  various  phenomena  of  combus- 
tion, was  proposed  by  Beccher,  an  eminent  German  physician  and  chemist, — 
which  was  afterward,  toward  the  latter  part  of  the  same  century,  still  further 
elaborated  and  explained  by  Stahl,  also  a  German  physician,  and  one  of  the 
most  eminent  scientific 'men  of  his  age.  This  theory,  which  remained  undis- 
puted until  after  the  discovery  of  oxygen  in  1774,  was  known  as  the  "PWo- 
gistic  Theory" 

It  started  with  the  assumption  that  there  existed  in  nature  a  distinct 
substance,  or  agency,  constituting  the  principle  of  fire,  called  Phhgiston 
(fi'om  the  Greek  6h)yt^(j,  to  burn).  Phlogiston,  although  never  isolated,  was 
believed  to  exist  in  all  oombustible  bodies,  and  to  constitute  a  part  of  their 


*  At  the  present  time  it  is  estimated  that  6,000,000  tons  of  coal  are  annnajlj  employed 
In  England  for  the  manafacttire  of  gas,  and  from  00  to  75  millions  of  dollars  are  expended 
in  its  production.  In  London  alone,  500,000  tons  of  coal  are  annually  used,  producing 
five  thousand  millinn  cubic  feet  of  gas,  and  yielding  an  amount  of  light  equal  to  that  which 
would  be  evolved  from  the  combustion  of  ten  thousand  million  of  tallow  candles,  of  six 
to  the  pound. 

QuESTiosB. — What  is  said  of  the  history  and  first  introduction  of  gas  ?  How  is  gas 
manufactured  from  oils  and  resins  f  What  was  the  original  supposition  concerning  firu  f 
What  theory  suooeeded  ?    Explain  the  general  principles  of  the  phlogistic  theory  ? 
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Btructure,  and  its  presence  in  such^bodies  was  supposed  to  endow  tbem  with 
the  property  of  burning.  When  a  body  burned,  phlog^iston  was  lib^uted,  and 
the  light  and  heat  which  accompany  combustion  were  attributed  to  the  rapid- 
ity which  which  the  phlogiston  passed  out.  When  a  body  was  wanting  m 
phlogiston,  or  had  once  lost  it,  it  ceased  to  be  combustible,  and  was  said  to  be 
dephlog^ticatcd. 

For  example,  according  to  this  theoiy,  a  lighted  candle  bums  because  It  Is 
a  compound  of  candle-matter  and  phlogiston,  which  compound,  in  the  action 
of  burning,  is  decomposed,  and  the  phlogiston,  set  free,  appears,  in  escaping, 
in  its  natural  character,  as  flame.  The  pure,  dcphlogisticated  candle-mattet 
is  also  liberated,  little  by  little,  as  the  candle  bums  away,  and  when  collected, 
proves  to  be  water  and  carbonic  acid ;  so  that,  according  to  the  phlogistic 
theory,  tallow  should  be  regarded  as  a  compound  of  fire,  with  water  and  cai^ 
bonic  acid.  Furthermore,  "  a  stick  of  brimstone  bums  away  with  a  blue 
fiame  and  a  suffocating  vapor,  and  the  residue  of  its  combustion  is  sulphurous 
acid.  In  the  language  of  the  phlogistians,  brimstone  is  a  compound  of  two 
things,  sulphurous  add  and  phlogiston;  and  when  it  is  suffered  to  bum,  it 
gives  out  its  phlogiston,  or  flame  of  fire,  and  thero  remains  its  dcphlogisti- 
cated sulphur,  or  sulphurous  acid,  in  the  separated  state.  Phosphorus,  ac- 
cording to  the  same  hypothesis,  contains  a  white,  deliquescent  acid  (§  405) 
and  phlogiston — the  two  so  loosely  imited  as  to  be  kindled  or  decomposed  by 
a  little  friction,  or  by  a  slight  elevation  of  tempc-rature ;  when  burned,  it  sheds 
its  phlogiston,  and  the  phosphoric  acid  is  reproduced." 

It  had  been  long  before  observed,  that  the  metals,  with  the  exception  of 
gold  and  silver,  were  changed  into  rusts,  or  "calxes,"  resembling  chalk,  brick 
dust,  or  other  highly- colored  earthy  bodies,*  when  heated  to  a  high  tempera- 
ture in  the  air.  We  now  know  these  calxes  to  be  simply  oxyds ;  but  tho 
phlogistians,  recognizing  the  only  identity  of  this  alteration  of  the  metals  with 
what  is  undergone  by  sulphur,  phosphorus,  or  any  common  combustible  when 
it  is  bumt  in  the  air,  explained  the  change  as  follows :  they  s£ud  that  each 
metal  was  composed  of  its  own  rust,  or  calx,  and  phlogiston,  and  that  when 
it  was  burned  in  the  fire,  it  gave  out  its  fiery  principle,  while  its  ashes  or 
rust  remained."  Thus,  iron  was  composed  of  iron-rust  and  fire ;  dephlogisti- 
cate  it,  that  is,  bum  it  to  a  cinder,  and  you  have  rust. 

"  Such  bodies  as  wood,  coal,  and  especially  charcoal,  which  give  out  much 
heat,  and  leave  apparently  little  dcphlogisticated  matter  when  burnt,  were 
regarded  as  substances  overcharged  with  phlogiston,  and  therefore  capable  of 
imparting  it  largely  to  others.  Now,  it  always  was,  and  still  is,  desirable  to 
transform  ores,  such  as  iron  rast  in  the  various  iron-stones,  into  metals,  such 
as  iron ;  and  it  has  long  been  understood  that  the  best  way  of  doing  so,  con- 
sists in  mingling  those  ores  with  carbon  in  some  fbrm  or  other,  and  heating 
them  in  a  furnace ;  a  thing  but  too  easily  explained  by  the  phlogistic  theorv, 
for  the  carbon  had  only  to  pour  its  phlogiston  into  the  ores  to  convert  them 
into  metallic  natures,  solid  and  bright.    In  the  substance  of  silver  and  gold, 


*  Iroa-ruBfe  (ozyd  of  iron),  oxyd  of  lead,  ota 
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however,  the  phlogiston  (fire)  was  so  compacted  and  inherent,  that  nothing 
could  take  it  out  of  them ;  and  hence  they  remained  fiiced  in  the  furnace 
under  all  ordinary  circumstances." 

The  phlogiston,  once  Uberated  from  a  metal  or  combustible,  could  not,  like 
the  dephlogisticated  matter — ^the  phospiioric,*  or  sulphurous  acid,  or  the  iron- 
rust — ^be  caught  and  measured.  In  the  opinion  of  the  ancients,  it  ascended  at 
once  into  a  boundless  space  of  pure  fire,  called  the  "empyrean,"  which  was 
supposed  to  inclose  the  an*  as  the  air  inclosed  the  earth ;  but  according  to  the 
phlogistians,  it  was  no  sooner  hberated  from  a  combustible,  than  it  passed 
mto  combination  with  the  surrounding  atmosphere.  It  could  not,  in  their 
opinion,  b^  emancipated  from  its  union  with  one  body,  unless  another  was 
ready  to  take  it  without  delay,  and  the  appearance  called  fire,  was  the  almost 
instantaneous  glance  of  phlogiston  in  its  passage  from  one  engagement  to  an- 
other. Hence  the  necessity  of  the  presence  of  air  to  the  continuance  of  com- 
bustion ;  and  hence  Priestley,  when  he  discovered  oxygen,  supposed  it  to  be 
common  air  deprived  of  phlogiston ;  since  it  did  not  burn  of  itself)  but  power- 
fiilly  supported  combustion,  by  reason  of  its  supposed  attraction  for  the  phlo- 
giston contained  in  combustibles.    He  therefore  called  it  depiilogisticated  air. 

Although  the  phlogistic  theory  ingeniously  explained  a  great  variety  of 
phenomena,  there  were  certain  circumstances  connected  with  combustion 
which  could  not  well  be  accounted  for.  Thus  it  was  observed  that  certain 
metals  were  heavier  after  heating  than  before:  ten  grains  or  ounces  of  lead 
weigh  more  than  ten  after  havmg  been  burnt  to  calx ;  and  ten  ounces  of 
iron  increase  in  weight  by  conversion  into  rust ; — ^in  other  words,  the  metals 
lead  and  iron,  supposed  to.  be  compound  bodies,  gave  off  by  heating,  one  of 
their  ingredients,  phlogiston,  and  were  thereby  converted  into  elements ;  and 
yet  the  product — ^the  calx — was  heavier  than  the  original  metal ;  whereas,  if 
phlogiston  was  really  a  m.aterial  substance,  and  had  escaped  from  the  lead  or 
the  iron,  the  products,  after  heating,  ought  to  have  weighed  less.  This  diffi- 
culty was  explained  by  assuming  that  phlogiston,  alone  of  all  substances,  was 
endowed  with  the  specific  property  of  lightness,  or  levity,  so  that  it  buoyed 
up,  or  made  hghter,  every  body  with  which  it  combined.  "  This  singular 
evasion  of  the  question  of  weight  only  introduced  another  perplexity ;  but  the 
good  old  chemists  were  equal  to  the  emergency.  If  the  calx  or  rust  of  lead, 
or  of  any  other  metal,  became  lighter,  in  common  balance- weight,  by  combin- 
ing with  phlogiston — ^that  agent  of  positive  levity — how  was  it  that  it  also  be- 
came «27ece^2/^  heavier?  The  calx  was  comparatively  a  light  stone;  but 
the  lead  into  which  it  was  converted  by  union  with  Ught  phlogiston,  was  a 
comparatively  heavy  metal ;  a  cubic  inch  of  the  metal  being  twice  as  heavy 
as  a  cubic  inch  of  tHe  stone.  If  the  particles  of  an  ounce  of  calx  had  buoys 
of  fire  attached  to  them,  so  as  at  once  to  change  them  into  particles  of  lead, 
and  to  make  them  Hghter  in  the  aggregate,  how  should  such  enlarged  and 
hghtened  particles  produce  a  metal  of  so  much  greater  a  specific  gravity  than 
the  unphlogisticated  rust  ?"  To  this  it  was  replied,  "  that  the  phlogisticated 
particles  of  cal;x  were  not  enlarged,  but  only  hghtened ;  the  fiery  particles 
were  not  stuck  on  to  the  calx  ones  hke  so  many  vesicles;  but  they  pene- 
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trated  them,  and  then  compressed  them,  so  that  a  greater  number  of  the  firo- 
pierced  earthy  particles  (thereby  rendered  metallic)  packed  into  the  same 
space,  and  therefore  the  metal  was  specifically  heavier,  though  absolutely 
lighter,  than  the  calx  from  which  it  was  made."* — ^Brewsteb. 

463.  Such  is  a  brief  outline  or  the  celebrated  phlogistic  theory  which  dur- 
ing the  greater  part  of  the  last  century  received  the  sanction  and  support  of 
all  the  chemists  and  scientific  men  of  Europe.  The  honor  of  its  overthrow 
and  th9  establishment  of  correct  views,  belongs  to  Lavoisier,  whose  decisive 
experiments  were  instituted  about  the  year  1*780. 

He  took  a  glass  flask,  added  to  it  a  certain  known  weight  of  metallic  mer- 
cury, filled  the  flask  with  oxygen  gas  (which  had  been  discovered  some  years 
previously),  and  hermeticaUy  sealed  it.  The  weight  of  the  whole  was  then 
carefully  ascertained.  The  mercury  contained  in  the  flask  was  then  heated 
to  about  600°  F.,  at  which  temperature  it  entered  into  combination  with  the 
gas,  and  formed  a  calx,  or  oxyd  of  mercury.  Lavoisier  then  weighed  the 
flask  and  contents,  and  found  that  it  had  gained  nothing  and  lost  nothing; 
the  phlogiston,  therefore,  if  it  had  been  driven  out  from  the  metallic  mercury, 
still  remained  in  or  incorporated  with  the  flask  and  its  contents. 

The  flask  being  next  carefully  opened,  the  air  from  without  was  heard  to 
rush  into  it,  indicating  the  existence  of  a  vacuum  in  its  interior.  The  mer- 
cury, therefore,  had  not  by  heating  imparted  any  thing  to  the  gas  of  the  flask, 
but  had  really  abstracted  something  from  it^  and  when  taken  out  and  weighed 
separately,  was  found  to  have  increased  in  weight  That  this  increase  in 
weight  was  due  to  the  abstraction  of  oxygen,  and  to  its  incorporation  with 
the  substance  of  the  mercury,  he  flirther  proved,  by  decomposing  the  calx 
(or  oxyd)  of  mercury  (formed  in  the  first  experiment)  into  oxygen  gas  and 
metallic  mercury,  by  heating  it  in  a  suitable  apparatus  to  a  temperature  of 
about  900°  F,  The  two  products  being  carefully  collected,  their  joint  weight 
was  found  to  be  the  same  as  that  of  the  calx  ■  of  mercury  employed.    These 


*  **  How  catholic,  elastic,  and  satisfactory  this  venerable  hypothesis  must  have  been. 
It  -wms  all  wrong,  indeed,  as  a  subs^ntive  doctrine.  In  one  particnlar  it  was  a  sort  of  re- 
Terse  of  tmth.  It  is  not  the  ealzes  (ores  and  rusts)  and  acids  that  are  simple ;  it  is  not 
the  combastiblcs  and  metals  that  are  compound ;  it  is  exactly  the  reverse.  Sulphur, 
phosphorus,  carbon,  and  the  combustibles,  on  the  one  hand,  with  lead,  iron,  and  the 
metals  on  the  other,  are  elementary ;  the  respective  acids  and  ealzes  of  these  principles 
are  the  compounds.  The  phlogistians  may,  therefore,  be  said  to  have  perceived  the  re- 
lation subsisting  between  these  two  classes  of  bodies  upside  down,  like  the  figures  in  a 
camera  obscura.  As  to  the  generic  idea  of  phlogiston,  erroneous  though  it  was  and  is, 
it  is  extant  in  science  yet ;  for  it  is  impossible  to  see  wherein  caloric  differs  from  it 
as  a  scientific  conception,  although  elaborated  with  immensely  greater  precision,  except 
that  caloric  is  the  matterof  heat,  while  phlogiston  is  the  matter  of  fire.  Both  phlt^istoa 
and  caloric  are  substances  which  have  no  existence  whatever  in  the  external  world ;  they 
have  both  been  convenient,  though  fictitious  representatives  of  natural  realities,  and  th^ 
have  both  been  eminently  useful  in  standing  for  certain  phenomena  in  their  several  days, 
but  the  latter  creation  of  the  materializing  tendency  of  unripe  pcience  is  not  a  whit  better 
in  essence  than  the  former." — Sm  David  Bsbwsteo. 

QuBBTiONB. — ^Who  overthrew  the  phlogistlo  theory?  By  what  experiments  was  its 
falsity  demoi^trated? 
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experiments,  therefore,  proved  unmistakably  that  the  calx,  or  red  rust  of 
raercury,  was  a  compound  of  oxygen  and  mercury,  and  not  an  element,  as 
had  long  been  supposed ;  and  that  metallic  mercury  was  not  a  compound  of 
its  own  calx  and  the  positively  light  phlogiston,  but  the  real  element 

Lavoisier  also  burned  phosphorus  in  a  jar  of  oxygen,  and  observed  that 
much  of  the  gas  disappeared,  and  that  the  phosphorus  gained  in  weight ;  and 
that  the  increase  of  the  one  was  in  the  exact  ratio  of  the  decrease  of  the 
other.  Iron  wire,  also,  burned  in  oxygen,  gave  a  result  equal  to  the  weight 
•f  the  wire  employed,  plus  the  weight  of  the  oxygen  that  had  disappeared. 

Observing  also  that  the  results  of  combustion  in  atmospheric  air  were  the 
same  in  degree  as  those  in  pure  oxygen,  he  next  investigated  the  nature  of 
air,  and  found  that  it  consisted  in  part,  of  oxygen  which  supported  and  occa- 
sioned combustion,  and  of  another  gas  which  possessed  properties  entirely  op- 
posite, and  which  we  now  know  to  be  nitrogen. 

The  results  of  the  experiments  of  Lavoisier,  therefore,  demonstrated  that 
there  was  no  such  substance  as  phlogiston,  or  the  matter  of  lire ;  and  that 
when  a  body,  compound  or  elementary,  was  burned,  it  did  not  give  ofif  tmo^- 
inary  buoyant  phlogiston,  but  took  in  real  weighty  oxygen. 

Lavoisier  commenced  his  investigations  in  17*72,  and  fully  announced  them 
in  1784.  For  eleven  years  he  encountered  the  opposition  of  the  whole  scien- 
tific world,  with  but  a  single  supporter — Laplace,  the  astronomer.  Gradu- 
ally, however,  the  new  doctrines  gained  ground,  and  before  the  close  of  the 
18th  century  were  generally  received.* 

From  this  pomt  discovery  rapidly  succeeded  discovery,  until  it  became  at 
hst  understood  that  oxygen  was  not  only  the  great  agent  in  combustion,  but 
that  the  respiration  of  all  animals,  the  processes  of  vegetation,  and  the  growth, 
sustenance,  and  decay  of  all  organic  beings  were  dependent  upon  it  as  a  con- 
stituent of  the  atmosphere.  The  true  idea  of  a  chemical  element  was  tlien 
first  arrived  at, — affinity  or  chemical  attraction  was  recognized  as  an  inde- 
pendent force,  and  the  nomenclature  of  chemistry  at  present  in  use  was  es- 
tablished. In  short,  the  whole  science  of  modem  chemistry  may  be  said  to 
date  its  origin  fi:om  the  epoch  of  the  labors  and  investigations  of  Lavoisier.f 

*  The  two  great  chemiBts  of  that  day  in  England,  Cavendiah  and  Prieatley,  never,  how- 
ever, abandoned  the  doctrines  of  phlogiston.  The  former,  when  it  became  evident  that 
the  new  theory  of  chemistry  had  won  the  day,  gave  ap  the  science  in  disgust ;  the  latter, 
becoming  involved  in  theological  difficulties,  emigrated  to  Pennsylvania,  where  he  after- 
ward died — maintaining  in  his  correspondence  to  the  last,  a  defence  of  his  favorite  theory. 

t  Lavoisikb. — ^No  attempt  to  sketch  the  history  of  chemistry  can  be  considered  com- 
plete without  some  notice  of  the  life  of  this  celebrated  man.  He  was  the  son  of  a  rich 
merchant  of  Paris,  and  was  bom  in  1743,  He  early  devoted  himself  to  the  study  of  chem- 
istry, as  it  was  then  understood,  was  made  a  member  of  the  French  Academy  at  the 
age  of  25,  and  was  put  at  the  head  of  the  national  powder  and  saltpeter  works  at  38.  His 
great  investigations  on  combustion,  the  composition  of  water,  atmospheric  air,  etc.,  were 
carried  on  during  the  years  1772-83,  during  which  period  he  filled  the  office  of  a  receiver, 
or  **  farmer-general**  of  the  public  revenues.  In  1790  he  was  a  prominent  member  of  the 
famous  commisrion  which  originated  the  French  system  of  weights  and  measures,  now 
generally  recognised  as  the  true  standard  by  most  scientific  men.  His  labors  in  other  de- 
partmeatg  of  sdenoe  were  also  numerooa  and  important     In  the  common  course  of 
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464.  CofflbastioD,  Iq  the  Btrict  chemical  acceptation  of 
the  term,  is  a  chemical  process  in  which  at  least  two  ele- 
ments enter  into  combination^  producing  heat  and  a  new 
compound. 

CombD&tion,  in  the  ordinary  sense,  is  the  rapid  chemical 
union  of  oxygen  with  a  combustible  body,  attended  with 
an  evolution  of  light  and  heat. 

Every  species  of  combustion  with  which  we  are  fSEimiliarly  aoqnaintBd  ia 
simply  a  process  of  oxjdation ;  but  combustion  may  occur  without  the  pres- 
ence of  oxygen,  or  in  oxygen  without  the  sensible  evolution  of  either  heat  or 
light  For  example,  when  antimony  in  powder  or  copper  in  tlie  form  of  ibin 
leaf  is  presented  to  chlorine,  a  combination  ia  instantly  efifected  between  tlieso 
bodies — a  chloride  of  copper  or  antimony  being  produced,  with  tan  evolution 
of  vivid  light  and  heat ;  and  on  the  other  hand,  the  decay  of  wood,  or  the  rust 
of  metals  in  aii^— changes  effected  by  union  of  these  substances  with  oxygen 
— are  true  examples  of  combustion — heat  and  a  new  conipound  being  pro* 
duced  without  the  evolution  of  light 

465.  All  bodies  may,  with  reference  to  combustion,  be  arranged  under  on^ 
of  three  classes,  viz ,  supporters  of  combubtion,  combustibles,  and  burnt  bodies. 

Supporters  of  Combus-tionare  those  bodies  which,  like  oxygen, 
allow  other  substances  to  bum  in  them  freely,  but  which  can  not  themselves, 
in  ordinary  language,  be  set  on  fire.  It  is  usual  to  reckon  five  supporten 
of  combustion,  viz.,  oxygen,  chlorine,  iodine,  bromine  and  fluorine. 

Combustibles  are  bodies  which,  like  charcoal,  actually  bum  when 
sufficiently  heated  in  the  presence  of  a  free  supporter  of  combustion. 

Burnt  bodies  are  those  which  will  neither  bum  themselves  nor  sup- 
port the  combustion  of  others.  They  may  be  made  red  hot,  but  do  not  bum ; 
sand,  iron-rust,  and  earthy  bodies  are  examples  of  this  kind.  They  are  for 
the  most  part  compounds  that  have  at  some  time  or  other  been  produced 
by  combustion ;  or  in  other  words,  they  are  bodies  which  have  been  already 
burned,  and  are  no  longer  fitted  to  undergo  this  change.     Chemists  further 


events,  it  might  have  been  expected  that  the  latter  years  of  his  life  would  have  been 
passed  amid  the  admiration  and  rererence  which  naturally  wait  upon  the  originator  of  a 
new  system  of  acknowledged  truths.  Such,  however,  was  not  his  fate.  He  was  arrested 
during  the  **  reign  of  terror,"  and  thrown  into  prison,  on  the  wretched  charge  of  hsTing, 
in  his  capacity  of  a  public  officer;  authorized  the  adulteration  of  the  tobacco  of  the  Be- 
pnblic.  When  brought  before  the  rcTolutionary  tribunal,  he  asked  for  a  respite  of  a 
few  days,  in  order  to  complete  some  researches,  the  results  of  which,  }^e  said,  were  im- 
portiAnt  for  the  interests  of  humanity.  The  reply  of  the  Judge  was,  that  the  Republic 
wanted  no  scientiflc  men,  and  forthwith  condemned  him  to  the  guillotine,  to  which  be 
was  dragged  the  next  day,  May  8th,  1794,  in  Oie  62d  year  of  his  age. 

Questions. — Define  combustioii.  Is  oxygen  necessary  for  combustion?  Into  vbat 
three  dasses  may  all  bodies  be  dirided  in  respect  to  combustion  ?  What  are  sapporteri 
•f  oombostion  ?    What  are  combustibles  ?    What  are  burnt  bodies  ? 
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distinguish  and  classify  burnt  bodies  under  the  names  cf  acids,  alkalies,  oxjds, 
salts,  etc. — MiLLEit. 

466.  Combustion  and  Explosion. — Explosion  in  most,  and 
perhaps  all  cases,  is  a  species  of  combustion,  ditfering  from  ordinary-  combus- 
tion simply  in  the  rapidity  of  action ;  thus  in  combustion,  the  combustible 
and  the  supporter  of  combustion  are  brought  together  by  degrees,  as  in  the 
flame  of  a  candle ;  but  in  an  explosion  the  whole  action  occurs  at  once. 

467.  The  origin  of  the  heat  which  accompanies  combustion  has  not  been 
satisfactorily  accounted  for.  Every  change  in  the  state  of  a  body  we  know 
is  accompanied  by  a  change  in  temperature ;  but  why  the  union  of  carbon 
with  oxygen  to  form  a  gas,  or  oxygen  with  hydrogen  to  form  a  vapor,  should 
produce  a  heat  sufficient  to  melt  the  most  refractory  substances,  still  remains 
unexplained. 

468.  In  all  ordinary  cases  of  combustion,  the  heat 
evolved  does  not  depend  upon  the  combustible,  but  upon 
the  amount  of  oxygen  that  enters  into  combination  ;  or 
in  other  words,  that  combustible  will  evolve  the  greatest 
quantity  of  heat  which  is  capable,  with  a  given  weight, 
of  combining  with  the  most  oxygen. 

^or  example,  a  pound  of  hydrogen  in  burning  consumes  or  unites  with  8 
pounds  of  ( xyg3u ;  while  a  pound  of  carbon  unites  with  but  2  2-3  pounds 
of  oxygen.  A  given  weight  of  hydrogen  in  burning  will  produce,  therefore, 
throe  times  as  much  heat  as  the  same  weight  of  carbon. 

469.  The  quantity  of  heat  which  a  combustible  body 
evolves  in  combining  with  oxygen,  is  the  same,  whether 
the  combustion  takes  place  slowly  or  quickly,  provided 
only  that  the  relative  quantities  of  the  combining  bodies 
are  the  same  in  both  instances. 

Thus,  as  much  heat  is  given  out  in  the  decay  (slow  combustion)  of  a  given 

quantity  of  wood  in  the  air,  as  in  its  quick  combustion  in  a  furnace ;  but  ip 

the  former  case,  the  heat  is  much  less  intense,  and  often  becomes  insensible, 

•  because,  during  the  long  time  occupied  in  the  combination  with  oxygen,  thp 

greater  part  of  it  is  carried  away  by  conduction. 

The  temperature  required  to  induce  combustion,  or  the  combination  of  any 
substance  with  oxygen,  is  different  not  only  for  different  substances,  but  even 
for  the  same  substance,  according  as  the  combustion  is  to  take  place  rapidly 
or  slowly.  Thus  phosphorus  combines  slowly  with  oxygen,  or  exhibits  slow 
combustion,  at  77°  F.,  but  does  not  enter  into  rapid  combustion  till  raised  to 

QiTKSTioNB. — ^What  is  the  difference  between  eombostion  and  explosion?  What  ia  the 
origin  of  the  heat  evolved  in  combustion  ?  To  what  is  the  heat  evolved  by  the  combuB- 
tion  of  a  body  proportioned  ?  Illustrate  this  principle.  Is  the  quanUty  of  heat  increased 
by  the  rapidity  of  the  combustion  ?  Illustrate  this.  Is  the  temperature  at  which  com- 
bastion  occurs  constant  for  the  same  substance  ?  What  are  examples  of  slow  combustion  f 

u 
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■'^''^  v~:i:  «^-.4jL«iir  sio:  JBtf^Hli;  on 


^~    1.^ ««£.     ...A^  i^^rt  imwTSf  X  cos  Si  soob  as  the 

a  .oi.«-ix 


^    .   li   riL2UBG3.(L.  Si:   j:ai  viuterer  of 
;^'  a  . .  -.I-- 1*1  ^lAZz^r  .x^rir*— a:cii2^  is  annfliil- 

^.ucvx^  loi^  viis^iieiL  junrs  exceed  the  weight  of  the 
jr:r-3iL  {a::^M;ft:iscie  y^rssiL  tr  mn  amomit  equal  to  the 
V.  ^11  .c  titf  -^T^  •  *iiR?cti.d  dzring  ooiiibastioiu 

I  :p  ir  -sK  isn.  ^  e  I.-.>cn.'2uixtt  jf  :xs  &:$  a?&  cteuked  in  the  combustion  cl 
i.Kim  xv:r>  V1.1. 1  iki.  fi  a  s.^  r^sasafi.  T^'siw  abea  tvo  grains  of  pbos- 
7^crt»  tr   i  .niAk  a  x  masspni  vi^iiaar  cf  ftxjjLita  ga^  tfaej  are  iband  oon- 

-•Y  T*-"^  .r  ::itf  7iii>ciii  ns  ^-^rsi^s  If  f7Ka$:  al  die  sama  time,  7^  cubic 
cl  .t««^  .k*  'x-'^fi  AUStfWttC  vi^*^  v^k^  exa^tihr  !^  grains. — Graham. 

«"'.  rne  .<vi2ficrafixc5  .>f  aZ  .-ranacr  ondboEtiliAe  subgtaDoe»— wood,  oool, 
^..2».  imi^.  i«^ — vTLi:^  rT-i  V  am  ;^fir  Tab^  aa  fae^  are  carbon  and  hydro* 
p:tu  r^Mtw  5Q]WCuiA:s  j^  ATffnTtr  sise  GXTgCB;  bixt  this  dement  oontrib* 
-lOA  njchmc  wiucfv^r  x*  aasor  mfctef  as  fxi.  aad  the  laig^  the  proportion  of 
v.iT'^a  A  a  A'iiicu2!cl:u^  &i»  asa?  a^n<ipit  is  il  tir  fad. 

^^I.  f  r«is<t*  tf  CaM¥«f  tlaa. — Wbea  combuation  takes  place 
v^  a  $■««  J^x^T  ''^  '■^*  ^J^.'i^fi^  caes  woh  tiie  carbon  of  the  iod  to  form 
v^trXttBT  aai.  jni  wxs.  ;i^  *^r>2r*oieea  to  ivM  Tapor  of  water.  These  prodncts 
Koi^  Tcdiclk&.  :»r  tt  t^  aciHKpbeRi.  anddbafpear,  finning  part  of  the  aerial 
«vk-imm  t^jiK  JJPfSi  £vn  a  bcxag  bodr. 
4ZX  Ib»  a:cTXT  cf  <ix=i^»sciaa  is  greatly  iucioaaod  by  increasing  the  nizm- 

*    Hov  naj  Hub  be  tUiiatnted? 

;    What  iBfineoee  has  ozj- 

ofimbniHonf    Howmay 
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bcr  of  parades  of  oxj^eK  ■'iVft  x<:  'u-'inttfu,  ja.  %  zrrac  'lam  5x  mxsaer  -vi^ 
the  combastible,  sid  br  emrrks^  anr  sue  xiHflBi  uyMUnmt  if  sMnHfaiK. 

wbidi,  if  allowed  to  acta^msbat,  v^anii  «£E  4f  ^e  angaxj'  if  Sflml  vsry^au. 
Henoe  the  benefit  of  Uoviap  a  £k,  «r  £rai^  a  bhhk  if  feB.  ar  i^ok  ^ 
from  a  bdknrE^  in  order  1»  levri^  5c.  «-  m  i  ■■  sft  jmBBBCx.  'Ss  'mlfcunw 
of  a  IcMig  fhiiiHMn,  in  protea^  a  jw^jJiI  ieac  a  a  t""*— ■  jc  ioi  ihbl  tot 
incieaang  the  dnft,  b  ataudr:  v'iL}»  i&fi-  cdesf  if  mnmnnnnr  lift  ni^i^  if 
•oir,  bj  doan^  the  djiiiyi.  or  Arrrf^g  ae  &er  4f  'ze  m 
diminished  tempentme.  aad  ledaaed  ^'nrrmrrriTir  4f  1li£l 
sich  dreomsCances. — "^rtiwm 

474.  The  weight  of  Ibe  asr  raipirei  £r  :s^  taaimasjuL  if  fiKi 
that  of  the  fbel  iCaeif ;  aad  as  tbe  s^oee  serxcKiC  iv  a  xtv^gi.  wwic  if  nir  is 
much  greater  than  tZtat  of  an  c^^^tu  w^^ps  tf  fiHi.  iz«e  iiulc  ^  tiH:  ar  cafr- 
pfojed  to  eflfect  eomboitioa  is  igiLxaafc,  F;r  cxaoiCMCi  s  twik^s  II-4» 
pounds  of  air  to  wwiiim*  1  poKsd  «f  pcKr  «aarmsik :  aai^  as  1  jKHm^  if 
air  oocnpies  about  13  oobic  inA  of  cpoee.  ^i^  pooui  ^  ^suaataaL  vH  tb^iie? 
foritscombostianat  least  150  coble  feet  «fjac  JLs  &eC  je  Mni^  Ivi^vwts; 
a  modi  laiger  qoantitj  k  enploy^d :  iLts.  «g:;.rirariBf:  cuk  swuirec  i^i«i(s%!i> 
caOy  136  cofaic  feet  per  pound,  bot  t,  praeooe,  -cnder  iBeaaL  i#  jussz.  2T{  tn^iiie 
feet  are  neuiamy. 

The  anioimtofheatwfaiAaponndof  pwreciiJiquMhis<Tprfip<f  prwls^^ 
through  its  union  witti  axjgea  in  tiie  proDess  «f  ecautrjHUoc,  ie  sofficacan  to 
conTcrt  13  pounds  of  water  at  GO^  F.  into  tteaai  at  21^  F.  Tbe  iu^^suxtj 
of  man  can  not  generate  from  the  eoaabofitiuD  «f  a  ]KRxad  of  eoal  a  ^eaier 
amount  of  heat  thanthis^  or  wliengeoersted,e(»i|«i]t  to  er^Kxate  a  greater 
quantity  of  water. 

The  quantity  of  heat  winch  is  oibCained  from  fatk  in  praetical  openiaoD^ 
falls  yerj  &r  short  of  its  tiieofctical  vahie.  In  waae  of  the  Oonurii  cteaas- 
enginea^  of  England,  which  are  the  beet  in  the  worid,  it  is  stated  lijat  the  jA' 
most  theoretical  ijuantitx  has  been  rendered  araibUe;  but  this  atatfirtptit.  is 
doubtful  Under  onlinaiy  steaic-bcslen  not  more  than  two  thirds  of  tibe 
available  heat  is  erer  utilizsed,  aad  ia  a  ma|oritf  of  cases  the  proportkxi  does 
not  probably  exceed  one  balC 

The  reason  of  this  loss  of  heat  iu  practioe^  is  due  mainly  to  twocaose^  tiz^ 
the  heated  air  escapes  up  the  chimney  before  it  has  surrendered  to  the  boikr 
or  heating  apparatus^  the  fiill  amount  of  heat  it  is  capable  of  relinquishing; 
and,  secondly,  through  want  of  a  perfect  combustion,  the  full  amount  of  heat 
is  not  evolyed  &om  the  fuel,  lite  remedy  fer  the  first  difficulty  is  to  bo 
sought  &r  in  improyed  mediaaical  arrangements  of  boiler  and  furnace ;  the 


Quxsnoiim.-<»H(nr  is  it  benefited  bf  blovinir  it?  Why  is  the  tenpeimtore  and 
samption  of  fuel  redaoed  hj  eloiiiig  the  draft?  What  is  nid  of  the  amoont  <tf  air 
qoired  to  prodnoe  oomhiualon  ?  How  maeh  air  is  aboolatdy  reqnired  to  bom  a  pound  <ii 
duupooal  ?  How  mneh  beat  will  a  pound  of  diareoal  in  boming  evohre  ?  It  the  laxgest 
poarible  amount  of  heat  fh>m  fuel  erer  wboOy  atHixed  ?  Why  is  it  ia  practice  that  we 
fail  to  stQiw  the  fan  amount  of  heat  derirable  from  loeL 
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bcr  of  portictos  of  a^gen  nrhicb  arc  brought  in  a  given  time  in  contact  with 
tlie  combustible,  and  by  carryinit  away  the  g&aeoua  prodncta  of  combiatioa, 
Tvhich  are  no  longer  capable  either  of  buming  or  aupporting  eombontion,  aixl 
'W'hich,  if  allowed  lo  accuoiulate,  would  cut  oS  the  supply  of  fimfa  oxygen. 
Hence  the  beneGt  of  blowing  a  Qre,  or  fbrdng  a  stream  ol  fresh  air  npon  it, 
(Irom  a  bellowB,  in  o>d«'  to  revive  it,  or  increase  ita  intensity.  The  iafloeDco 
of  a  long  chimney,  in  produdog  a  powerful  heat  in  a  Ibrnace  at  ita  bas^  by 
increasing  tlie  draJI,  is  similar;  vluletbe  effects  of  diminishing  the  supply  of 
•<iir,  by  closing  the  damper,  or  shutting  the  door  of  the  aab-pil,  is  mai  in  the 

diminished  temperature,  and  reduced  consumption  of  fuel  wMdi  occun  under 

s  ich  eircumstances. — Mtlleb. 
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140°  F.     Tallow  thrown  upon  an  iron-plate  not  visibly  red-hot,  melts  and 
Fio.  IGO.     undergoes  oxydation,  dififusing  a  pale,  lambent  flame^  only  yisiblo 
in  tbo  dark.     When  a  coil  of  thin  platinum  wire  is  first  heated 
to  redness,  and  suspended  in  a  glass  containing  a  few  drops  of 
ether  or  alcohol  (seo  Fig.  160),  the  yapors  of  these  substances, 
mixed  with  air,  oxydate  upon  the  hot  metallic  surface,  and  sus- 
tain the  wire  at  a  red  heat,  so  long  as  the  supply  of  mixed  yapor 
and  air  is  kept  up,  without  the  occurrence  of  combustion  with 
flame.    The  product  of  the  oxydation  thus  effected,  is  a  pungent, 
irritaUng  vapor,  which  affects  the  nose  and  eyes  unpleasantly. 
This  experiment  may  be  modified  by  suspending  a  coil  of  thin 
platinum  wire,  or  a  ball  of  spongy  platinum,  over  the  wick  of       Fig.  161. 
u  spirit-lamp,  supplied  with  alcoholic  ether,  (see  Fig.  161) ;  on 
ighting  tho  lamp,  and  then  blowing  it  out  as  soon  as  the 
metal  appears  red-hot^  slow  combustion  of  the  spirit  vapor 
supplied  by  the  capillary  action  of  the  wick,  will  take  place, 
and  tho  platinum  will  continue  to  glow  for  hours. 

470.  In  combustion,  no  loss  whatever  of 
ponderable  matter  occurs — nothing  is  annihil- 
ated ;  but  the  products  of  combustion,  when 
collected  and  weighed,  always  exceed  th6  weight  of  the 
original  substance  burned,  by  an  amount  equal  to  the 
weight  of  the  oxygen  absorbed  during  combustion. 

The  most  simple  illustrations  of  this  fact  are  obtained  in  the  combustion  of 
those  bodies  which  afibrd  a  polid  residue.  Thus,  when  two  grains  of  phos- 
phorus are  burned  in  a  measured  volume  of  oxygen  gas,  they  are  found  con- 
verted, after  combustion,  into  a  white  powder  (phosphoric  acid),  which  weighs 
44-  grains,  or  the  phosphorus 'acquires  2^  grains ;  at  the  same  time,  1^  cubic 
inches  of  oxygen  disappear,  which  weigh  exactly  2^  grains. — Geaham. 

471.  The  constituents  of  all  ordinary  combustible  substances — ^wood,  coal, 
oils,  fats,  etc. — ^which  give  to  them  their  value  as  fuel,  are  carbon  and  hydro- 
gen. These  substances  also  contain  3ome  oxygen ;  but  this  element  contrib- 
utes nothing  whatever  to  their  value  as  fuel,  and  the  larger  the  proportion  of 
oxygen  in  a  combustible,  the  less  adapted  is  it  for  fueh 

472.  Products  of  Combu s tion.-*^When  combustion  takes  place 
with  a  free  supply  of  air,  oxygen  unites  with  the  carbon  of  the  fuel  to  form 
carbonic  acid,  and  with  the  hydrogen  to  form  vapor  of  water.  These  products 
being  volatile,  rise  in  the  atmosphere,  and  disappear,  forming  part  of  the  aerial 
column  that  ascends  from  a  burning  body. 

473.  The  activity  of  combustion  is  greatly  increased  by  increasing  the  num- 

QnESTiONB.^l8  any  matter  lost  daring  combustion  ?  How  may  this  be  illustrated  ? 
Wbat  are  the  Taloable  constituents  of  ordinary  combustibles  ?  What  influence  has  oxy> 
gen  as  a  constituent  of  fuel  ?  What  are  the  ordinary  products  of  eombostion  ?  How  may 
the  activity  of  combustion  be  increased  ? 
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bcr  of  particles  of  oxyjjen  which  are  brought  in  a  given  time  in  contact  with 
the  combustible,  and  by  carrying  away  the  gaseous  products  of  combustion, 
which  are  no  longer  capable  either  of  burning  or  supporting  combustion,  and 
which,  if  allowed  to  accumulate,  would  cut  off  the  supply  of  fresh  oxygen. 
Hence  the  benefit  of  blowing  a  fire,  or  forcing  a  stream  of  fresh  air  upon  it, 
from  a  bellows,  in  order  to  reyive  it^  or  increase  its  intensity.  The  influence 
of  a  long  chimney,  in  producing  a  powerfiil  heat  in  a  fiimace  at  its  base,  by 
increasing  the  drail,  is  similar;  while  the  effects  of  diminishing  the  supply  of 
«ciir,  by  closing  the  damper,  or  shutting  the  door  of  the  ash-pit,  is  seen  in  the 
diminished  temperature,  and  reduced  consumption  of  fuel  which  occurs  under 
8  ich  circumstances. — ^Miller. 

474.  Tlie  weight  of  the  air  required  for  the  combustion  of  fuel  far  exceeds 
that  of  the  fuel  itself;  and  as  the  space  occupied  by  a  giyen  weiglit  of  air  is 
much  greater  than  that  of  an  equal  weight  of  fuel,  the  bulk  of  the  air  em- 
pfoyed  to  effect  combustion  is  knmeqse.  For  example,  it  requires  11*45 
pounds  of  air  to  consume  1  pouud  of  puro  charcoal ;  and  as  1  pound  of 
air  occupies  about  13  cubic  feet  of  space,  the  pound  of  charcoal  will  require 
for  its  combustion  at  least  160  cubic  feet  of  air.  As  fuel  is  burned,  however, 
a  much  larger  quantity  is  employed ;  thus,  anthracite  coal  requires  theoreti- 
cally 136  cubic  feet  per  pound,  but  in  practice,  under  steam  boilers,  276  cubic 
feet  are  necessary. 

The  amount  of  heat  which  a  pound  of  pure  charcoal  is  capable  of  producing, 
through  its  union  with  oxygen  in  the  process  of  combustion,  is  sufficient  to 
convert  13  pounds  of  water  at  60^  F.  into  steam  at  212°  F.  The  ingenuity 
of  man  can  not  generate  from  the  combustion  of  a  pound  of  coal  a  greater 
amount  of  heat  than  this,  or  when  generated,  compel  it  to  evaporate  a  greater 
quantity  of  water. 

The  quantity  of  heat  which  is  obtained  from  fiiel  in  practical  operations, 
fiills  very  far  short  of  its  theoretical  value.  lu  some  of  the  Cornish  steam- 
engines,  of  England,  which  are  the  best  in  the  world,  it  is  stated  that  the  ut- 
most theoretical  (quantity  has  been  rendered  available ;  but  this  statement  is 
doubtful.  Under  ordinary  steam-boilers  not  more  than  two  thirds  of  tho 
available  heat  is  ever  utilized,  dad  in  a  majority  of  cases  the  proportion  does 
not  probably  exceed  one  half) 

The  reason  of  this  loss  of  heat  in  practice,  is  due  mainly  to  two  causes,  viz., 
the  heated  air  escapes  up  the  chimney  before  it  has  surrendered  to  the  boiler 
or  heating  apparatus,  the  fuU  amount  of  heat  it  is  capable  of  relinquishing ; 
and,  secondly,  through  want  of  a  perfect  combustion,  the  full  amount  of  heat 
is  not  evolve4  from  th©  fuel,  llie  remedy  for  the  first  difficulty  is  to  bo 
sought  ibr  in  improved  mechanical  arrangements  of  boiler  and  furnace ;  the 

QunTiONS.-«-How-  iB  it  benefited  by  blowing,  it  ?  Why  is  the  temperature  and  eon- 
pnmption  of  ftiel  rednced  by  closing  tlie  draft?  What  is  said  of  the  amount  of  air  re- 
quired to  produce  combustion  ?  How  much  air  is  absolutely  required  to  bum  a  pound  of 
charcoal  ?  How  much  heat  will  a  pound  of  charcoal  in  burning  evolTe  ?  Is  the  largest 
posrible  amount  of  heat  from  ftiel  ever  wholly  utilized  ?  Why  is  it  in  practice  that  we 
lail  to  ntili^  the  full  amount  of  heat  derivable  from  fneL 
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140°  F.     Tallow  thrown  upon  an  iron-plate  not  visibly  red-hot,  melts  and      ' 
Fio.  160.     undergoes  oxydation,  diffusing  a  pale,  lambent  flame,  only  yisiblo 
in  tbo  dark.     When  a  coil  of  thin  platinum  wire  is  first  heated 
to  redness,  and  suspended  in  a  glass  containing  a  few  drops  of 
ether  or  alcohol  (seo  Fig.  160),  the  vapors  of  these  sabstanoes, 
mixed  with  air,  oxydate  upon  the  hot  metallic  surface,  and  sus- 
tain the  w^iro  at  a  red  heat,  so  long  as  the  supply  of  mixed  vapor 
and  air  is  kept  up,  without  the  occurrence  of  combustion  with 
flame.    The  product  of  the  oxydation  thus  effected,  is  a  pungent, 
irritaUng  vapor,  which  affects  the  nose  and  eyes  unpleasantly. 
This  experiment  may  bo  modified  by  suspending  a  coil  of  thin 
platinum  wire,  or  a  ball  of  spongy  platinum,  over  the  wick  of       Fig.  161. 
u  spirit-lamp,  supplied  with  alcoholic  ether,  (see  Fig.  161) ;  on 
ighting  tho  lamp,  and  then  blowing  it  out  as  soon  as  the 
metal  apix^ars  red-hot,  slow  combustion  of  the  spirit  vapor 
supplied  by  the  capillary  action  of  the  wick,  will  take  place, 
and  tho  platinum  will  contmue  to  glow  for  hours. 

470.  In  combustion,  no  loss  whatever  of 
ponderable  matter  occurs — ^nothing  is  annihil- 
ated ;  but  the  products  of  combustion,  when 
collected  and  weighed,  always  exceed  th6  weight  of  the 
original  substance  burned,  by  an  amount  equal  to  the 
weight  of  the  oxygen  absorbed  during  combustion. 

The  most  simple  illustrations  of  this  fact  are  obtained  in  the  combustion  of 
those  bodies  which  afford  a  solid  residue.  Thus,  when  two  grains  of  phos- 
phorus are  burned  in  a  measured  volume  of  oxygen  gas,  they  are  found  con- 
verted, afl»r  combustion,  into  a  white  powder  (phosphoric  acid),  which  weighs 
4^-  grains,  or  the  phosphorus 'Acquires  2^  grains ;  at  the  sameTtime,  1^  cubic 
inches  of  oxygen  disappear,  which  weigh  exactly  2-J  grains. — Grahau. 

471.  The  constituents  of  all  ordinary  combustible  substances — wood,  coal, 
oils,  fats,  etc. — which  give  to  them  their  value  as  fuel,  are  carbon  and  hydro- 
gen. These  substances  also  contain  some  oxygen ;  but  this  element  contrib- 
utes nothing  whatever  to  their  value  as  fuel,  and  the  larger  the  proportion  of 
oxygen  in  a  combustible,  the  less  adapted  is  it  for  fuet 

472.  Products  of  Combustion. -^When  combustion  takes  place 
with  a  free  supply  of  air,  oxygen  unites  with  the  carbon  of  the  fuel  to  form 
carbonic  acid,  and  with  the  hydrogen  to  form  vapor  of  water.  These  products 
being  volatile,  rise  in  the  atmosphere,  and  disappear,  forming  part  of  the  aerial 
column  that  ascends  from  a  burning  body. 

473.  The  activity  of  combustion  is  greatly  increased  by  increasmg  the  num- 

QuKSTiONB.— Is  any  matter  lost  during  combustion  ?  How  may  this  be  illustrated  ? 
What  are  the  valuable  constituents  of  ordinary  combustibles  ?  What  influence  has  oxy- 
gen as  a  constitnent  of  fuel  f  What  are  the  ordinary  products  of  eombastion  ?  How  may 
the  activity  of  combustion  be  increased  f 
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bcr  of  particles  of  oxyjfen  which  are  brought  in  a  given  time  in  contact  with 
the  combustible,  and  by  cairying  away  the  gaseous  products  of  combustion, 
which  are  no  longer  capable  either  of  burning  or  supporting  combustion,  and 
which,  if  allowed  to  accumulate,  would  cut  off  the  supply  of  fresh  oxygen. 
Hence  the  benefit  of  blowing  a  fire,  or  forcing  a  stream  of  fresh  air  upon  it, 
from  a  bellows,  in  order  to  revive  it^  or  increase  its  intensity.  The  influence 
of  a  long  chimney,  in  producing  a  powerful  heat  in  a  furnace  at  its  base,  by 
increasing  the  drail,  is  similar;  while  the  effects  of  diminishing  the  supply  of 
«ciir,  by  closing  the  damper,  or  shutting  the  door  of  the  ash-pit,  is  seen  in  the 
diminished  temperature,  and  reduced  consumption  of  fuel  which  occurs  under 
8  ich  circumstances. — ^Miller. 

474.  Tlie  weight  of  the  air  required  for  the  combustion  of  fuel  (ar  exceeds 
that  of  the  fuel  itself;  and  as  the  space  occupied  by  a  given  weight  of  air  is 
much  greater  than  that  of  an  equal  weight  of  fuel,  the  bulk  of  the  air  cm- 
pfoyed  to  effect  combustion  is  immense.  For  example,  it  requires  11 '45 
pounds  of  air  to  consume  1  pound  of  pure  charcoal ;  and  as  1  pound  of 
air  occupies  about  13  cubic  feet  of  space,  the  pound  of  charcoal  will  require 
for  its  combustion  at  least  160  cubic  feet  of  air.  As  fuel  is  burned,  however, 
a  much  larger  quantity  is  employed ;  thus,  anthracite  coal  requires  theoreti- 
cally 136  cubic  feet  per  pound,  but  in  practice,  under  steam  boUers,  276  cubic 
feet  are  necessary. 

The  amount  of  heat  which  a  pound  of  pure  charcoal  is  capable  of  producing, 
through  its  union  with  oxygen  in  the  process  of  combustion,  is  sufficient  to 
convert  13  pounds  of  water  at  60^  F.  into  steam  at  212°  F.  The  ingenuity 
of  man  can  not  generate  from  the  combustion  of  a  pound  of  coal  a  greater 
amount  of  heat  than  this,  or  when  generated,  compel  it  to  evaporate  a  greater 
quantity  of  water. 

The  quantity  of  heat  which  is  obtained  from  lUel  in  practical  operations, 
falls  very  far  short  of  its  theoretical  value.  In  some  of  the  Cornish  steam- 
engines,  of  England,  which  are  the  best  in  the  world,  it  is  stated  that  the  ut- 
most theoretical  (quantity  has  been  rendered  available ;  but  this  statement  is 
doubtful.  Under  ordinary  steam-boilers  not  more  than  tw6  thirds  of  tho 
available  heat  is  ever  utilized,  tmd  in  a  majority  of  cases  the  proportion  docs 
not  probably  exceed  one  half) 

The  reason  of  this  loss  of  beat  in  prs^ctice,  is  due  mainly  to  two  causes,  viz., 
the  heated  air  efK^apes  up  the  chimney  before  it  has  surrendered  to  the  boiler 
or  heating  apparatus,  the  fuU  amount  of  heat  it  is  capable  of  relinquishing ; 
and,  secondly,  through  want  pf  a  perfect  combustion,  the  full  amount  of  heat 
is  not  evolved  from  th©  fuel,  llie  remedy  for  the  first  difficulty  is  to  bo 
sought  for  in  improved  mechanical  arrangements  of  boiler  and  furnace ;  the 

QunnoNS.— How  is  it  benefited  by  blowing,  it  ?  Why  ia  the  temperatare  and  eon- 
pnmption  of  fuel  redneed  by  closing  tlie  draft?  What  ia  said  of  the  amount  of  air  re- 
qnired  to  produce  combuntion  ?  How  mnch  air  is  absolutely  required  to  bum  a  pound  of 
charcoal  ?  How  much  heat  will  a  pound  of  charcoal  in  burning  erolTe  ?  Is  the  largest 
posrible  amount  of  beat  flrom  ftiel  ever  wholly  utilized  ?  Why  is  it  in  practice  that  we 
fail  to  ntiUze  the  full  amoqnt  of  heat  deriyable  f^m  fneL 
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140°  F.  Tallow  thrown  upon  an  iron-plate  not  visibly  red-hot,  melts  and 
Fio.  IGO.  undergoes  oxydation,  diffusing  a  pale,  lambent  flame,  oiily  yisiblo 
in  the  dark.  When  a  coil  of  thin  platinum  wire  is  first  heated 
to  redness,  and  suspended  in  a  glass  containing  a  few  drops  of 
ether  or  alcohol  (sec  Fig.  160),  the  vapors  of  these  substances, 
mixed  with  air,  oxydate  upon  the  hot  metallic  surface,  and  sus- 
tain the  wire  at  a  red  heat^  so  long  as  the  supply  of  mixed  vapor 
and  air  is  kept  up,  without  the  occurrence  of  combustion  ^ath 
flame.  The  product  of  the  oxydation  thus  effected,  is  a  pungent, 
irritaUng  vapor,  which  affects  the  nose  and  eyes  unpleasantly. 
This  experiment  may  be  modified  by  suspending  a  coil  of  tbin 
platinum  wire,  or  a  ball  of  spongy  platinum,  over  the  wick  of  Fig.  IGl. 
u  spirit-lamp,  supplied  with  alcoholic  ether,  (see  Fig.  IGl) ;  on 
igliting  tho  lamp,  and  then  blowing  it  out  as  soon  as  the 
metal  appears  red-hot,  slow  combustion  of  the  spirit  vapor 
supplied  by  the  capillary  action  of  the  wick,  will  take  place, 
and  tho  platinum  will  continue  to  glow  for  hours. 

470.  In  combustion,  no  loss  whatever  of 
ponderable  matter  occurs — nothing  is  annihil- 
ated ;  but  the  products  of  combustion,  whon 
collected  and  weighed,  always  exceed  th6  weight  of  the 
original  substance  burned,  by  an  amount  equal  to  the 
weight  of  the  oxygen  absorbed  during  combustion. 

The  most  simple  illustrations  of  this  £ict  are  obtained  in  the  combustion  of 
those  bodies  which  afford  a  0olid  residue.  Thus,  when  two  grains  of  phos- 
phorus are  burned  in  a  measured  volume  of  oxygen  gas,  they  are  found  con- 
verted, after  combustion,  into  a  white  powder  (phosphoric  acid),  which  weighs 
4^-  grains,  or  the  phosphorus 'Acquires  2^  grains ;  at  the  same  time,  7^  cubic 
inches  of  oxygen  disappear,  which  weigh  exactly  2-J  grains. — Graham. 

471.  The  constituents  of  all  ordinary  combustible  substances — wood,  coal, 
oils,  fats,  etc — ^which  give  to  them  their  value  as  fuel,  are  carbon  and  hydro- 
gen. These  substances  also  contain  3ome  oxygen ;  but  this  element  contrib- 
utes nothing  whatever  to  their  value  as  fno\  and  the  larger  the  proportion  of 
oxygen  in  a  combustible,  the  less  adapted  is  it  for  fuei 

472.  Products  of  CombustioDi --^When  combustion  takes  place 
with  a  free  supply  of  air,  oxygen  unites  with  the  carbon  of  the  fuel  to  form 
carbonic  acid,  and  with  the  hydrogen  to  form  vapor  of  water.  These  products 
being  volatile,  rise  in  the  atmosphere,  and  disappear,  forming  part  of  the  atrial 
column  that  ascends  from  a  burning  body. 

473.  The  activity  of  combustion  is  greatly  increased  by  increasing  the  num- 

QuEBTiONB — ^Is  any  matter  lost  daring  combustion?  How  may  this  be  illustrated f 
What  are  the  valaable  constituents  of  ordinary  combustibles  ?  What  influence  has  oxy- 
gen as  a  constituent  of  fuel  ?  What  are  the  ordinary  products  of  eombastion  ?  How  mj 
the  activity  of  combustion  be  increased  f 
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bcr  of  particles  of  oxypjen  which  are  brought  in  a  given  time  in  contact  with 
the  combustible,  and  by  cairying  away  the  gaseous  products  of  combustion, 
which  are  no  longer  capable  either  of  burning  or  supporting  combustion,  and 
which,  if  allowed  to  accumulate,  would  cut  off  the  supply  of  fresh  oxygen. 
Hence  the  benefit  of  blowing  a  fire,  or  forcing  a  stream  of  fresh  air  upon  it, 
from  a  bellows,  in  order  to  revive  it>  or  increase  its  intensity.  The  influence 
of  a  long  chuuney,  in  producing  a  powerful  heat  in  a  furnace  at  its  base,  by 
increasing  the  drail,  is  similar;  while  the  effects  of  diminishing  the  supply  of 
«ciir,  by  closing  the  damper,  or  shutting  the  door  of  the  ash-pit,  is  seen  in  the 
diminished  temperature,  and  reduced  consumption  of  fuel  which  occurs  under 
B  ich  circumstances. — Miller. 

474.  The  weight  of  the  air  required  for  the  combustion  of  fuel  far  exceeds 
that  of  the  fuel  itself;  and  as  the  space  occupied  by  a  given  weiglit  of  air  is 
much  greater  than  that  of  an  equal  weight  of  fuel,  Ihe  bulk  of  the  air  em- 
pfoyed  to  effect  combustion  is  immense.  For  example,  it  requires  11*45 
pounds  of  air  to  consume  1  pouud  of  puro  charcoal ;  and  as  1  pound  of 
air  occupies  about  13  cubic  feet  of  space,  the  pound  of  charcoal  will  require 
for  its  combustion  at  least  150  cubic  feet  of  air.  As  fuel  is  burned,  however, 
a  much  larger  quantity  is  employed ;  thus,  anthracite  coal  requires  theoreti- 
cally 136  cubic  feet  per  pound,  but  in  practice,  under  steam  boHers,  276  cubic 
feet  are  necessary. 

The  amount  of  heat  which  a  pound  of  pure  charcoal  is  capable  of  producing, 
through  its  union  with  oxygen  in  the  process  of  combustion,  is  sufficient  to 
convert  13  pounds  of  water  at  60^  F.  into  steam  at  212°  F.  The  ingenuity 
of  man  can  not  generate  from  the  combustion  of  a  pound  of  coal  a  greater 
amount  of  heat  than  this,  or  when  generated,  compel  it  to  evaporate  a  greater 
quantity  of  water. 

The  quantity  of  heat  which  is  obtained  from  lUel  in  practical  operations, 
falls  very  far  short  of  its  theoretical  value.  In  some  of  the  Cornish  steam- 
engines,  of  England,  which  are  the  best  in  the  world,  it  is  stated  that  the  ut- 
most theoretical  (quantity  has  been  rendered  available ;  but  this  statement  is 
doubtful.  Under  ordinary  steam-boilers  not  more  than  tw6  thirds  of  the 
available  heat  is  ever  utilized,  dad  in  a  majority  of  cases  the  proportion  docs 
not  probably  exceed  one  half. 

The  reason  of  this  loss  of  beat  in  practice,  is  due  mainly  to  two  causes,  viz., 
the  heated  air  escapes  up  the  chimney  before  it  has  surrendered  to  the  boiler 
or  heating  apparatus,  the  full  amount  of  heat  it  is  capable  of  relinquishing ; 
and,  secondly,  through  want  of  a  perfect  combustion,  the  full  amount  of  heat 
is  not  evolved  from  th©  fuel.  The  remedy  for  the  first  difficulty  is  to  bo 
sought  for  in  improved  mechanical  arrangements  of  boiler  and  furnace ;  the 

QuniTiOKS.'x How  is  it  benefited  by  blowing,  it  ?  Why  is  the  temperature  and  eon- 
pnmption  of  fuel  reduced  by  closing  tlie  draft?  What  is  said  of  the  amount  of  air  re- 
quired to  produce  combustion  ?  How  much  air  is  absolutely  required  to  bum  a  pound  of 
charcoal  ?  How  much  heat  will  a  pound  of  charcoal  in  burning  evolve  ?  Is  the  largest 
possible  amount  of  beat  flrora  fuel  ever  wholly  utilized  ?  Why  is  it  in  practice  that  we 
fail  to  utilize  the  full  amoont  of  heat  derivable  from  fueL 
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140°  F.  Tallow  thrown  upon  an  iron-plate  not  visibly  red-hot,  melts  and 
Fio.  IGO.  undergoes  oxydation,  diffusing  a  pale,  lambent  flame,  only  yisiblo 
in  tbo  dark.  When  a  coil  of  thin  platinum  wire  is  first  heated 
to  redness,  and  suspended  in  a  glass  containing  a  few  drops  of 
ether  or  alcohol  (seo  Fig.  160),  the  vapors  of  these  substances, 
mixed  with  air,  oxydate  upon  the  hot  metalUc  surface,  and  sus- 
tain the  wire  at  a  red  heat,  so  long  as  the  supply  of  mixed  vapor 
and  air  is  kept  up,  without  the  occurrence  of  combustion  with 
flame.  The  product  of  the  oxydation  thus  effected,  is  a  pungent, 
irritaUng  vapor,  which  affects  the  nose  and  eyes  unpleasantly. 
This  experiment  may  be  modified  by  suspending  a  coil  of  thin 
platinum  wire,  or  a  ball  of  spongy  platinum,  over  the  wick  of  Fig.  161. 
u  spirit-lamp,  supplied  with  alcohoUc  ether,  (see  Fig.  IGl);  on 
i^hting  the  launp,  and  then  blowing  it  out  as  soon  as  the 
metal  appears  red-hot,  slow  combustion  of  the  spirit  vapor 
suppUed  by  the  capillary  action  of  the  wick,  will  take  place, 
and  the  platinum  will  continue  to  glow  for  hours. 

470.  In  combustion,  no  loss  whatever  of 
ponderable  matter  occurs — ^nothing  is  annihil- 
ated ;  but  the  products  of  combustion,  when 
collected  and  weighed,  always  exceed  th6  weight  of  the 
original  substance  burned,  by  an  amount  equal  to  the 
weight  of  the  oxygen  absorbed  during  combustion. 

The  most  simple  illustrations  of  this  fact  are  obtained  in  the  combustion  of 
those  bodies  which  afford  a  solid  residue.  Thus,  when  two  grains  of  phos- 
phorus are  burned  in  a  measured  volume  of  oxygen  gas,  they  are  found  con- 
verted, after  combustion,  into  a  white  powder  (phosphoric  acid),  which  weighs 
4^  grains,  or  the  phosphorus 'Acquires  2^  grains ;  at  the  same  time,  7|  cubic 
inches  of  oxygen  disappear,  which  weigh  exactly  2^  grains. — Graham. 

471.  The  constituents  of  all  ordinary  pombustible  substances — ^wood,  coal, 
oils,  fats,  etc. — which  give  to  them  their  value  as  fuel,  are  carbon  and  hydro- 
gen. These  substances  also  contain  pome  oxygen ;  but  this  element  contrib- 
utes nothing  whatever  to  their  value  as  fuel,  and  the  larger  the  proportion  of 
oxygen  in  a  combustible,  the  less  adapted  is  it  for  fuet 

472.  Products  of  CombustiODi -^When  combustion  takes  place 
with  a  free  supply  of  air,  oxygen  unites  with  the  carbon  of  the  fuel  to  form 
carbonic  acid,  and  with  the  hydrogen  to  fonn  vapor  of  water.  These  products 
being  volatile,  rise  in  the  atmosphere,  and  disappear,  formmg  part  of  the  aerial 
column  that  ascends  from  a  burning  body. 

473.  The  activity  of  combustion  is  greatly  increased  by  increasing  the  num- 

Questionb.'-Ib  any  matter  lost  during  comboBtion  f  Hoir  may  this  be  illustrated  ? 
What  are  the  valoable  constituents  of  ordinary  combustibles  ?  What  influence  has  oxy- 
gen as  a  constitnent  of  fuel  ?  What  are  the  ordinary  products  of  eombostion  ?  How  may 
the  activity  of  combustion  be  increased  f 
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bcr  of  particles  of  oxypjen  which  are  brought  in  a  given  time  in  contact  with 
the  combustible,  and  by  carrying  away  the  gaseous  products  of  combustion, 
which  are  no  longer  capable  either  of  burning  or  supporting  combustion,  and 
which,  if  allowed  to  accumulate,  would  cut  off  the  supply  of  fresh  oxygen. 
Hence  the  benefit  of  blowing  a  fire,  or  forcing  a  stream  of  fresh  air  upon  it, 
from  a  bellows,  in  order  to  revive  it,  or  increase  its  intensity.  The  influence 
of  a  long  chimney,  in  producing  a  powerful  heat  in  a  furnace  at  its  base,  by 
increasing  the  drafl,  is  similar ;  while  the  effects  of  diminishing  the  supply  of 
•oir,  by  closing  the  damper,  or  shutting  the  door  of  the  ash-pit,  is  seen  in  the 
diminished  temperature,  and  reduced  consumption  of  fuel  which  occurs  under 
Bich  circumstances. — Miller. 

474.  The  weight  of  the  air  required  for  the  combustion  of  fuel  far  exceeds 
that  of  the  fuel  itself;  and  as  the  space  occupied  by  a  given  weiglit  of  air  is 
much  greater  than  that  of  an  equal  weight  of  fuel,  the  bulk  of  the  air  em- 
pfoyed  to  effect  combustion  is  immense,  For  example,  it  requires  11*45 
pounds  of  air  to  consume  1  pound  of  pure  charcoal ;  and  as  1  pound  of 
air  occupies  about  13  cubic  feet  of  space,  the  pound  of  charcoal  will  require 
for  its  combustion  at  least  150  Qubic  feet  of  air.  As  fuel  is  burned,  however, 
a  much  larger  quantity  is  employed ;  thus,  anthracite  coal  requires  theoreti- 
cally 136  cubic  feet  per  pound,  but  in  practice,  under  steam  boilers,  276  cubic 
feet  are  necessary. 

The  amount  of  heat  which  a  pound  of  pure  charcoal  is  capable  of  producing, 
through  its  union  with  oxygen  in  the  process  of  combustion,  is  sufficient  to 
convert  13  pounds  of  water  at  60*^  F.  into  steam  at  212°  F.  The  ingenuity 
of  man  can  not  generate  from  the  combustion  of  a  pound  of  coal  a  greater 
amount  of  heat  than  tlus,  or  when  generated,  compel  it  to  evaporate  a  greater 
quantity  of  water. 

The  quantity  of  heat  which  is  obtained  from  fuel  in  practical  operations, 
Mia  very  far  short  of  its  theoretical  value.  In  some  of  the  Oomish  steam- 
engines,  of  England,  which  are  the  best  in  the  world,  it  is  stated  that  the  ut- 
most theoretical  cj^uantity  has  been  rendered  available ;  but  this  statement  is 
doubtful.  Under  ordinary  steam-boilers  not  more  than  tw6  thirds  of  the 
available  heat  is  ever  utilized,  and  in  a  majority  of  cases  the  proportion  does 
not  probably  exceed  one  halC 

The  reason  of  this  Joss  of  heat  in  practice,  is  due  mainly  to  two  causes,  viz., 
the  heated  air  escapes  up  the  chimney  before  it  has  surrendered  to  the  boiler 
or  heating  apparatus,  the  fuU  amount  of  heat  it  is  capable  of  relinquishing ; 
and,  secondly,  through  want  pf  a  perfect  combustion,  the  full  amount  of  heat 
is  not  evolved  flxjm  the  fuel.  The  remedy  for  the  first  difficulty  is  to  bo 
sought  for  in  improved  mechanical  arrangements  of  boiler  and  furnace ;  the 

QunTiONB.wHow  is  it  benefited  by  blowing  it  ?  Wby  is  the  temperature  and  con- 
sumption of  fuel  reduced  by  closing  tlie  draft?  What  is  said  of  the  amount  of  air  re- 
quired to  produce  combustion  ?  How  much  air  is  absolutely  required  to  bum  a  pound  of 
eharcoal  ?  How  much  heat  will  a  pound  of  charcoal  in  burning  evolve  f  Is  the  largest 
posrible  amount  of  beat  Arom  fuel  ever  wholly  utilized  t  Why  is  it  in  practice  that  we 
fail  to  utilise  the  full  amount  of  heat  derivable  from  fueL 
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remedy  for  the  second  pertains  to  chemistiy,  and  is  to  be  found  in  perfecting 
the  supply  of  air.  When  the  supply  of  air  is  insufficient,  carbonic  oxyd  be- 
comes in  great  part  the  resulting  product  of  combustion,  instead  of  carbonic 
acid ;  but  for  the  formation  of  the  first-named  gas,  only  one  half  the  quantity 
of  oxygen  is  required  as  for  the  production  of  carbonic  acid,  so  that  coal  may 
be  dissipated  in  vapor,  and  may  be  apparently  wholly  consumed  by  one  half 
the  amount  of  air  that  is  usually  required  in  an  open  fire,  under  circumstances 
where  the  full  amount  of  heat  is  given  out  In  such  cases  a  pound  of  char- 
coal, instead  of  emitting  heat  enough  to  convert  13  lbs.  of  water  into  steair^ 
will  only  give  out  one  fifth  of  the  heat,  and  will  therefore  convert  but  little 
more  than  2^  lbs.  of  water  into  steam.*  That  so  great  an  amount  of  loss  as 
this  is  ever  practically  experienced,  is  not  probable ;  but  in  all  furnaces  of 
ordinary  construction,  the  waste  of  fuel  from  this  source  is  very  great  Owing 
to  the  fact  that  carbonic  oxyd  is  a  colorless  gas,  and  as  the  operations  of  the 
furnace  appear  to  go  on  uninterruptedly,  the  loss  of  heat  occasioned  in  this 
manner  is  very  apt  to  remain  unsuspected. 

By  admitting,  in  a  proper  manner,  an  adequate  supply  of  air,  all  the  car- 
bon in  burning  is  converted  into  carbonic  acid,  and  the  maximum  of  beat 
capable  of  being  evolved  flx)m  the  combustion  is  generated. 

475.  light  of  Combnstion. — The  light  emitted  by  burn- 
ing bodies  is  a  direct  consequence  of  the  heat  evolved  in  the 
process  of  combustion.  All  solids  and  liquids  (as  melted 
metals),  when  elevated  to  a  sufficiently  high  temperature, 
(977°  F.),  become  luminous. 

The  color  of  the  light  emitted  fi'om  an  ignited  substance,  depends  upon  the 
degree  of  temperature  to  which  it  has  been  elevated.  As  the  temperataro 
rises,  the  colored  rays  appear  in  the  order  of  their  refrangibility ;  first  red, 
then  orange,  yellow,  green,  blue,  indigo,  and  violet  are  emitted  in  succession. 
At  about  2100°  F.,  all  these  colors  are  produced,  and  from  their  admixture, 
white  light  results,  and  the  ignited  body  is  then  said  to  be  **  white-hot" 

In  all  luminous  flames^  the  light  is  emitted  from  solid 
particles  highly  ignited. 

A  flame  containing  no  such  particles  emits  but  a  feeble  light,  even  if  its 
temperature  is  the  highest  possible.  For  example,  the  flame  produced  by 
burning  a  mingled  jet  of  oxygen  and  hydrogen,  although  one  of  the  most  in- 


*  The  great  loss  of  hdst  involved  in  the  production  of  carbonic  oxyd.  Is  dne  not  mereiy 
to  the  fact  that  carbonic  oxyd  requires  less  oxygen  for  its  formation  than  carbonic  acid, 
but  the  former  gas  occupies  twice  the  bulk  of  the  latter,  and,  consequently,  renders  latent 
a  greater  amount  of  heat. 

QuKSTioiis. — ^Under  what  circumstances  wUl  fuel  be  burned  to  the  best  advantage  f 
tTpon  what  does  the  light  which  accompanies  combustion  depend  ?  What  relation  is  then 
between  the  light  of  an  ignited  substance  and  Its  temperature  f  What  is  flame  1  Upon 
what  does  the  lumlnority  of  flame  depend?    ninstrate  this. 
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,  tense  sources  of  heat  at  our  command,  is  so  little  luminous  as  to  be  barely 
visible  in  clear  day-light;  i^  however,  we  introduce  mto  it  a  solid  body,  like 
lime,  the  light  becomes  so  augmented  that  the  eye  can  scarcely  support  it 
When  phosphorus  is  burned  in  oxygen,  the  light  is  most  dazzling,  but  when  ' 
burned  in  chlorine,  it  is  extremely  feeble ;  the  reason  for  the  difference  in 
these  two  cases  is,  that  in  the  first  instance  the  product  of  combustion  is 
solid,  non-volatile  phosphoric  acid,  the  particles  of  which,  becoming  highly 
heated  by  the  combustion,  are  highly  luminous ;  in  the  second  case,  the  pro- 
duct of  combustion  is  a  gas,  and  the  heat  which  its  particles  acquire  in  com- 
bustion not  being  sufficient  to  render  them  luminous,  little  or  no  light  is 
evolved. 

476.  Batcriah  for  Illamination.— The  materials  or- 
dinarily employed  for  effectiag  artificial  illumiaation,  are 
solid  or  liquid  compounds  of  carbon  and  hydrogen — coal, 
oils,  tallow,  etc. — which  are  generically  termed  hydrocar- 
bons. 

By  heat  we  decompose  them  into  gaseous  compounds  of  carbon  and  hydro-  . 
gen,  and  in  this  state  only  are  they  available  for  purposes  of  illumination.  In 
the  combustion  of  these  two  elements  in  the  fiame  of  a  candle,  the  oxygen  of 
the  air  combines  with  botli,  but  by  reason  of  a  superior  affinity,  it  unites  first 
with  the  hydrogen  to  form  vapor  of  water,  producing,  thereby,  a  most  intense 
heat,  but  an  almost  imperceptible  light  The  hydrogen,  in  combining  with 
oxygen,  abandons  the  carbon,  which,  being  thus  set  free  in  the  form  of  min- 
ute solid  particles  in  the  midst  of  the  heated  space,  becomes  white-hot,  and 
imparts  luminosity  to  the  flame.  The  moment,  however,  the  incandescent, 
floating  carbon  comes  to  the  edge  of  the  flame,  it  finds  the  oxygen  of  the  air, 
unites  with  it,  and  becomes  converted  into  invisible  gas — carbonic  acid — 
while  its  place  is  immediately  occupied  by  another  particle  of  solid  carbon. 

Between  the  flame  of  a  candle  and  the  Hame  of  gas-light  there  is  no  dif- 
ference ;  in  the  case  of  tlie  candle,  however,  the  gas  is  generated  and  burned 
at  the  same  time  and  place — ^the  heat  that  produces  it  serving  also  to  inflame 
it  In  the  case  of  a  gas-light,  on  the  contrary,  the  inflammable  gas  is  dis- 
tilled by  heat  from  the  illuminating  substances  in  close  vessels  in  one  place, 
and  conveyed  by  pipes  to  be  burned  at  a  place  more  or  less  distant  where  the 
illuminaaon  is  required. 

The  &ct  that  the  combustion  of  a  candle  generates  gas  of  the  same  nature 
as  that  produced  in  ordinary  gas  manu&cture,  may  be  demonstrated  by  intro* 
ducing  one  end  of  a  small  tube  of  glass,  p^  Fig.  162,  into  the  interior  of  tho 
flame  of  a  large  candle,  when  a  portion  of  the  inflammable  gas  existing  there 
may  b«  drawn  off  and  ignited  at  the  upper  extremity  of  the  tube. 

QinBSTiQNB.— What  are  the  materials  ordinarily  Died  for  ardficial  illumination  f  What 
are  hydrocarbons  f  In  what  condition  only  are  they  available  for  illaminating  purposes  t 
What  takes  place  daring  their  oombastion  ?  What  difference  is  there  between  the  flame 
of  a  gas-bnmer  and  that  of  a  candle  ?  How  may  the  prodactioa  of  inflammable  gas  in  a 
candle  be  demonstrated  ? 
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The  ezistenoe  of  solid  particles  in  eveiy  illuiniiiating 
flame  maj  be  also  demonstrated  by  introducing  a  cold 
body  into  the  flame^  which  so  interrupts  the  progress 
of  combustion  that  the  solid  particles  are  no  longer 
consumed,  but  are  deposited  as  soot  When  we  say 
a  lamp  smokes,  we  mean  that  the  carbon  contained 
in  the  flame  is  passing  off  in  an  unconsumed  state. 

477.  Combastion  of  a  Candle. — A  candle 
is  an  ingenious  oontrirance  for  supplying  flame  with 
as  much  melted  &t  as  it  can  consume  without  smok- 
ing. It  is  easy  to  conceive  that  it  would  by  no  means 
be  an  impossibility  to  ignite  a  stick  of  wax  or  tallow 
by  itseif ;  it  would,  however,  be  a  matter  of  difficulty, 
inasmuch  as  the  material  would  melt  away  long  be- 
fore it  could  inflame.  Supposing,  nevertheless,  it  could  be  ignited,  then  a 
larger  amount  of  combustible  would  be  on  fire  than  the  air  could  consume, 
and  a  large,  thick,  smokj^  flame  would  result  By  the  use  of  a  wick,  this  dif- 
ficulty is  avoided. 

When  the  end  of  the  wick  which  protrudes  from  the  center  of  the  can  He 
is  ignited,  it  radiates  sufficient  heat  downward  to  melt  a  portion  of  -the  ma- 
terial of  the  candle,  and  form  a  hollow  cup  filled  with  liquid  combustible 
around  the  wick-fibers.  The  spaces  between  the  fibers  of  the  wick,  acting 
like  a  series  of  small  tubes,  convey  the  fluid  &t  by  capillary  attraction  up  to 
the  flame,  where  it  is  decomposed  into  gaseous  oompounds  of  hydrogen  and 
carbon. 

478.  Strnctare  of  Flame  . — ^The  flame  of  every  lamp  or  candle 
consists  of  three  distinct  portions,  or  rather,  cones  concentric  with  one  an- 
other. The  innermost  cone,  a.  Fig.  163,  is  formed  entirely  of 
combustible  gases,  produced  by  the  decomposition  of  the  illu- 
minating material  Xhis  is  at  a  temperature  below  redness, 
and  is  consequently  non-luminous.  Around  this  is  the  lumin- 
ous cone  (&),  the  flame  proper,  where  the  hydrogen  is  uniting 
with  the  oxygon  of  the  air,  and  the  particles  of  carbon  not 
having  yet  done  so,  are  floating  about  in  an  incandescent  state 
and  radiating  light  Beyond  the  second  cone  is  another  film, 
or  casing  (c),  where  the  oxygen  of  the  air  unites  with  the  car- 
bon, and  in  a  properly  adjusted  fiame  is  entirely  consumed. 
In  the  fiame  of  a  gas-jet  the  same  parts  may  be  also  recognized. 
At  the  base  of  every  fiame  a  pale  blue  line  of  light  may  be  ob- 
served; at  this  point,  the  supply  of  oxygen  fW>m  the  air  is 
insufficient  to  completely  and  simultaneously  consume  both  the 
hydrogen  and  the  carbon  supplied  firom  the  interior  of  the  flame,  and  there 
being  no  solid  carbon  ehminated,  there  is  consequently  but  a  feeble  light 

QvssTiOKs. — How  may  the  presence  of  nolid  particles  in  a  flame  be  demonairated  f 
When  we  tay  a  lamp  smokes,  what  is  nnderstood  ?  What  is  the  neoesrtty  of  the  wick  ia 
a  candle  f    Describe  the  structuro  of  the  flame  of  a  candle. 


Pia  163. 
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The  portion  of  wick  within  the  interior  of  a  candle  flame  is  charred  ani 
blackened  by  the  heat,  but  not  consumed,  owing  to  the  &ct  that  the  burning 
envelop  which  surrounds  it  effectually  cuts  off  all  access  of  air,  and  thus 
prevents  combustion.  For  the  same  reason,  also,  the  interior  cone  of  com- 
bustible  gases,  in  every  Mminous  flame,  remains  uiiignitcd. 

The  tapering  and  conical  form  which  flames  assume,  is  due  to  the  ascending 
currents  of  rarefied  air  which  are  produced  in  the  atmosphere  by  the  heat 
attendant  on  the  combustion. 

479.  That  the  combustion  of  a  candle  is  superficial,  and  that  the  flame  is  a 
film  of  white-hot  vapor,  inclosing  an  interior  portion  which  can  not  bum  fcr 
want  of  oxygen,  may  be  demonstrated  by  bringing  down  upon  the  flame  a 
piece  of  thin  glass,  so  as  to  make  a  transverse  section  of  the  flame ;  we  shall 
then  observe  a  ring  of  light  surrounding  the  dark  interior  part  of  the  flame. 
This  experiment  may  bo  still  better  performed  by  means  of  a  piece  of  fino 

Fig.  164.        wire  gauze.     When  this  is  brought  down  upon  tlie  flame 
.  of  a  large  and  steadily  burning  candle,  the  flame  will  be 

>  «^  cut  off  where  it  touches  the  gauze,  and  the  exterior  lumin- 

Tous  circle  will  be  well  defined.  (See  Fig.  164.) 
That  no  combustion  can  go  on  in  the  center  of  flame, 
may  bo  shown  in  various  ways ;  as  for  example,  if  we  ig- 
nite a  small  quantity  of  strong  alcohol  in  a  saucer,  and 
place  a  rod  of  white  wood  across  it  for  a  few  seconds  (see 
Fig.  166),  it  will  be  found  on  removing  the  stick,  that  it  is  pjg^  ^55^ 
burned  or  blackened  at  only  two  points,  viz.,  where  tlie 
flame  was  in  contact  with  the  air.  The  same  thing  may 
also  bo  shown  by  holding  a  match  stick  for  a  few  seconds 
across  the  middle  of  the  flame  of  a  spirit-lamp  with  a  largo 
wick.  If  a  fragment  of  phosphorus  be  placed  in  a  small 
circular  spoon,  ignited,  and  then  introduced  into  the  mid- 
dle of  a  lapgo  flame,  it  will  be  extinguished,  but  will  be  re- 
kindled the  moment  that  the  spoon  is  withdrawn  from  the  flame. 

480.  In  order  that  a  flame  should  exist,  a  very  high  temperature  is  es- 
sential This  is  particularly  the  case  with  the  flames  produced  by  the  com- 
bustion of  the  hydrocarbons ;  and  if  in  any  manner  the  temperature  of  a 
flame  is  reduced  beyond  a  certain  limit,  it  is  immediately  extinguished. 
Thus,  if  a  stout  copper  wire  be  introduced  into  a  flame,  it  will  be  observed 
that  a  dark  space  is  produced  around  it ;  a  second  wire  cools  the  flame  still 
further ;  and  a  small  flame  may  be  completely  extinguished  by  the  cooling 
effect  produced  by  bringing  down  a  coil  of  wire  upon  it  If  a  fine  wire-gauzo 
be  brought  over  a  flame,  the  inflammable  gases  will  bo  so  far  cooled  by  pass- 
ing through  its  meshes  (their  heat  being  conducted  off),  that  they  no  longer 
continue  in  a  state  of  inflammation.     (See  Fig.  164.)    If  the  meshes  are  very 

Questions. — ^Why  is  not  the  wick  of  a  candle  consumed  f  Why  are  flames  tapering 
and  conical?  What  exi)eriment8  prove  that  the  flame  of  a  candle  is  superficial?  What 
that  no  combustion  goes  on  in  the  interior  of  the  flame  ?  What  is  essentia  to  the  exist- 
ence of  flame  ?    Illustrate  this  ?    Why  can  not  a  flame  pass  through  a  wire-gauze  f 
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fine,  tho  conducting  power  of  the  metal  is  sufficient  to 
cool  the  flame  below  the  point  of  ignition,  even  though  the 
wire  itself  may  be  red-hot    The  inflammable  vapor  which 

T      passes  through  the  gauze  may,  lK>wever,.  again  be  kindled 
by  the  direct  application  of  flame. 
These  experiments  are  well  illustrated  with  a  jet  of 
gas  issuing  under  low  pressure.    If  the  gauze  be  held  over 
the  jet  before  it  is  lighted,  and  a  flame        Fio.  167. 
applied  above?,  it  will  take  fire  there,  but  the  flame  will 
not  pass  through  to  the  gas  below.    (See  Fig.  167.)    If 
we  place  a  piece  of  camphor  on  the  center  of  the  wire- 
gauze,  and  apply  a  flame  below,  the  cam- 
phor will  melt  and  pass  through  the  meshes, 
bat  will  burn  only  on  the  under  side.    (See 
Fig.  168.) 

481.  Safety-Lamp.  —  These  facts,  discovered  by 
Sir  Humplirey  Davy,  were  beautifully  applied  by  hhn 
the  construction  of  the  "Safety-Lamp,"  which  allows  tho 
miner  to  work  in  safety  in  an  atmosphere  pervaded  with  an 
explosive  ^mixture  of  light  carburetted  hydrogen  (fire-damp, 
see  §  452).  It  consists  merely  of  a  common  oil-lamp,  tlie 
flame  of  which  is  completely  inclosed  within  a  cylinder  of  wire- 
gauze.  (See  Fig.  169.)  This  completely  arrests  the  passage 
of  the  flame ;  so  that,  although  the  lamp  be  introduced  into  un 
explosive  mixture,  the  flame  will  not  pass  through  the  gauze 
to  ignite  it 

482.  Requisites  for  tlie  Frodnction  of  Arti- 
ficial Light. — The  essential  requisites  for  tlie 
successful  production  of  artificial  light  by  the 
combustion  of  the  hydrocarbons,  are,  1st.  That 
there  should  be  a  free  supply  of  air  ;  and,  2d. 
That  the  products  of  combustion  should  be  freely  con- 
ducted off. 

These  two  &cts  may  be  illustrated  by  placing  a  glass  cylinder  over  a  lighted 
candle,  in  such  a  way  as  to  cut  off  its  connection  with  air  from  belaw;  tho 
flame^  in  this  case,  will  be  extinguished  for  want  of  a  free  supply  of  air.  If 
the  cylinder  be  now  clo9ed  <U  the  top,  but  held  over  the  candle  in  such  a  way 
that  the  air  can  gain  admittance  from  below,  the  fiame  will  also  be  extin- 
guished, since  the  burnt  gases,  the  products  of  combustion,  are  unable  to 
escape,  and  by  their  accumulation,  prevent  combustion.    If  the  cylinder  be 


QxnESTioirB. — To  what  invention  has  this  principle  heen  applied  ?  Describe  the  safetjr- 
lamp.  What  are  the  essential  requisites  for  the  prodaotion  of  artificial  light?  How  maj 
these  be  illostratedr 
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placed  in  such  a  way  that  the  air  can  gain  ft^e 
admittance  below,  and  escape  freely  at  the  top, 
bearing  with  it  the  products  of  combustion  (see 
Pig.  170),  the  candle  will  not  only  continue  to 
bum  uninterruptedly,  but  its  combustion  will  be 
more  perfect,  than  when  it  is  allowed  to  bum 
openly  in  the  air.  The  reason  of  this  is,  that  the 
ascent  of  the  air,  heated  by  the  combustion, 
creates  a  rapid  current  of  fresh  air  from  below  up 
through  the  cylinder— thus  supplying  more  oxy- 
gen within  a  given  time  and  space,  which  occa- 
sions more  perfect  combustion,  and  a  stronger 
illuminating  flame.  Hence  the  benefit  of  sur- 
rounding a  lamp-fiame  with  a  glass  chimney,  open  at  the  bottom  and  top. 

If  too  much  air  be  supplied  to  a  flame,  the  inflammable  gases  bum  with  a 
Mue  and  feeble  light,  an  effect  which  may  be  seen  by  blowing  upon  a  cqiu- 
mon  gas-flame,  or  by  watching  the  exposed  gas-lights  of  shops  upon  a  windy 
night.  In  these  cases,  the  gas  becomes  immediately  mixed  with  the  oxygen 
of  the  air,  which  bums  up  the  solid  particles  of  carbon  before  they  are  suf- 
ficiently heated  to  afiford  light 

The  necessity  of  air  for  the  support  of  flame,  is  also  strikingly  shown  by  the 
fact,  that  it  is  impossible  to  light  a  lamp  or  candle  with  a  match,  so  long  as 
the  sulphur  on  the  end  of  it  is  buming  freely ;  since  the  sulphurous  vapor 
abstracts  the  oxygen  from  the  air  around  the  wick,  in  order  to  form  sulphm>- 
ous  add. 


Fig.  171. 


483.  Argand  Lampn.  —  In  an  ordinary 
lamp  or  candle-flame,  the  comljustion  goes  on  only 
at  those  points  where  the  air  has  free  access,  viz., 
upon  the  outside  of  the  flame,  as  is  indicated  by 
the  existence  of  a  dark  central  portion.  II,  how- 
ever, air  be  introduced  into  the  interior  of  the 
flame,  combustion  is  effected  both  at  the  center 
and  at  the  circumference,  and  the  light  is  increased. 
This  arrangement  is  practically  carried  out  in 
those  lamps  which  are  fitted  with  hollow  or  cir- 
cular wicks,  and  which  are  known  as  "  Argand" 
lamps,  from  their  inventor.  In  these,"  a-current  of 
air  rushes  up,  through  the  hollow  wick,  into  the 
center  of  the  flame,  as  shown  by  the  central  ar- 
rows. Fig.  171,  causing  it  to  bum  in  the  form  of  a 
hollow  ring.  Tlie  combustion  is  also  made  more 
powerful,  by  surrounding  the  flame  with  a  glass 
chimney,   which  is  usually  made  conical,  or  is 


QvBTiGNg.— ^Whst  is  the  effect  of  admitting  too  much  air  to  a  flame?    What  Is  an 
Argand  lunp  f  •  Describe  its  construction  ? 
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caused  to  contract  at  a  certain  height  above  the  burner,  so  as  to  fonn  a 
shoulder,  A  B,  in  order  to  deflect  the  ascending  outer  current  of  mt,  and 
throw  it  in  upon  the  flame  at  an  angle.  In  this  way  the  temperature  of  the 
separated  carbon  particles  of  the  flame  is  enormously  increased,  and  the 
^atcBt  quantity  of  light  is  produced,  ft^m  a  given  amount  of  fuel 

The  effect  of  the  draft;  through  the  interior  of  the  wick,  on 
the  combustion  of  the  inflammable  gases,  may  be  readily 
made  apparent  by  closing,  with  a  piece  of  p^)er,  the  openings 
in  the  base  of  the  lamp,  through  which  the  air  gains  admis- 
sion. The  flame  will  immediately  become  impaired  in  bril- 
liancy, burning  with  a  red  light,  and  the  evolution  of  much 
smoke. 

In  an  Argand  lamp  we  are  able  to  bum  the  poorer  and 
cheaper  oils  (those  which  contain  an  excess  of  carbon)  with- 
out the  production  of  smoke ;  inasmuch  as  the  greater  supply 
of  air  effects  the  entire  combustion  of 
carbon;  whereas,  in  an  ordinary  lamp, 
by  reason  of  the  limited  supply  of  air, 
we  can  use  only  the  best  oils,  or  those 
which  contain  a  large  proportion  of  hy- 
drogen. Fig.  1*72  exhibits  the  external 
construction  of  an  Argand  burner,  and  the  direction  of 
the  currents  of  air. 

Fio.  174.  484.  Berzelius  Spirit-Lamp. — ^The 
so-called  "Berzelius  Spirit-Lamp"  (see  Fig. 
173),  employed  in  chemical  laboratories  for 
obtaining  a  degree  of  heat  greater  than  that] 
afforded  by  an  ordinary  spirit-lamp,  is  simply^ 
an  Argand  lamp,  fitted  to  bum  alcohol,  and: 
supplied  with  a  metallic  chimney,  in  place  of 
one  of  glass.  The  standard  to  which  it  is  attached  is  provided 
with  several  rings  of  various  sizes,  for  sustaining  crucibles,  por- 
celain dishes,  etc.,  which  are  to  be  heated. 

485.  The  Blow-Pipe. — ^The  principles  upon  which  the 
blow-pipe  operates  are  essentiaUy  the  same  as  those  involved  in 
the  construction  of  the  Argand  lamp:  a  jet  of  air  or  oxygen  is 
thrown  into  the  interior  of  a  flame,  by  which  the  rapidity  of  com- 
bustion is  increased,  and  the  heat  of  the  flame  poweriully  augmented. 
The  mouth  blow  pipe  consists  essentiaUy  of  a  bent  tube^  gener- 
ally of  brass,  terminating  in  a  fine  uniform  jet  (See  Fig.  174).  It 
is  usually  also  constracted  with  a  chamber,  or  enlargement  of  the 
tube,  near  its  small  extremity,  which  serves  to  collect  the  moisture 
which  condenses  from  the  breath.    When  the  jet  of  the  blow-pipe 

QuramoMB. — What  is  the  effect  of  closing  the  inner  draft  of  this  lamp  ?  How  is  an  Ar. 
gand  lamp  enabled  to  bum  cheap  oil  t  What  is  a  Berzelius  spirit-lamp  ?  What  is  tht 
theory  of  the  blow-pipe  ?    What  is  the  comttrnetion  of  a  blow-pipe  f 
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is  inscrtod  ii;to.  the  flame  of  a  candle,  FiG.  1Y6. 

and  a  current  of  air  forced  from  it, 

the  flame  loses  its  luminosity,  and  is 

projected  laterally  in  the  form  of  a 

beautiful,  pointed  cone,  in  which  two 

parts  are  distinctly  discernible,  viz.»  a 

small,  blue  interior  cone,  a  6,  and  a' 

larger  extorior  cone  of  a  yellowish 

appearance,  c,    The^different  parts  of 

this  flame  possess  very  different  properties. 

Tlie  blue  cone  is  formed  by  the  admixture  of  air  with  the  combustible 
gases  rising  from  the  wick ;  in  this  part  of  the  flame  the  combustion  is  com- 
plet3,  and  the  heat  greatest.  In  front  of  the  blue  cone  is  the  luminous  por- 
tion, consisting  of  unbumt  combustible  gases  at  a  high  temperature,  which 
of  course  have  a  powerful  tendency  to  combine  with  oxygen.  If  a  fragment 
of  some  metallic  oxyd,  such  as  oxyd  of  copper,  be  introduced  into  this  part 
of  the  flame,  the  oxyd  will  bo  deprived  of  its  oxygen,  in  consequence  of 
the  superior  affinity  of  the  hot  gases  for  this  element,  and  will  be  re- 
duced to  a  metallic  state :  hence  this  portion  of  the  flame  of  the  blow-pipe 
is  termed  the  "  reducing  Jlame.^^  At  the  apex,  or  extreme  point  of  the  outer 
flame,  these  effects  are  reversed.  Here  atinospheric  oxygen  at  a  high  tem- 
perature exists,  and  its  tendency  is  to  unite  with  any  substance  with  which 
it  may  be  brought  in  contact  Hence  if  a  fragment  of  metal,  such  as  lead, 
tin,  copper,  etc,  be  placed  at  this  point,  it  will  quickly  become  covered  with 
X)xyd  J  and  this  spot  is,  therefore,  called  the  "  oxydizing  flame'*  of  the  blow- 
pipe. 

The  opposite  actions  of  the  different  portions  of  the  blow-pipe  flame  mny 
be  illustrated  by  the  effects  which  they  produce  upon  a  piece  of  flint-glass, 
which  contains  oxyd  of  lead,  united  with  silica.  In  the  reducing  flame  the 
silicate  of  lead  is  partially  decomposed,  and  the  glass  at  this  point  becomes 
black  and  opaque  from  the  reduction  of  the  oxyd  of  lead  to  the  metallic 
state ;  but  by  placing  the  blackened  part  for  a  few  seconds  in  the  oxydizing 
flame,  oxygen  is  again  absorbed  by  the  metal,  and  the  transparency  of  the 
glass  is  restored. — Milleb. 

So  also  if  we  hold  a  brightly  pol- 
ished cent  over  the  flame  of  a  spirit- 
lamp  (see  Fig.  176)  the  parts  exposed 
to  the  exterior  of  the  flame  will  be- 
come  covered  with  an  iridescent 
coating  of  oxyd,  while  those  over  the 
center  of  the  flame  remain  bright. 
By  moving  the  coin,  after  it  has  be- 
come thoroughly  heated,  to  and  fro 
over  the  flame,  a  very  beautiful  play 

QmsTioKB. — ^What  is  the  constitation  of  the  blow-pipe  flame  ?    What  is  the  reducing 
and  what  the  oxydizing  flame?    How  may  their  two  actions  be  illustrated  t 
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of  colors  win  be  obsenred,  the  metal  being  alternately  converted  into  oxyd, 
and  the  oxjd  into  metal. 

486.  Carbon,  daring  the  act  of  combustion,  as  in  an  ordinary  flame,  assames 
two  consecative  phases,  viz.,  wliile  it  is  evolving  heat  and  light  it  is  a  solid, 
but  immediately  after  it  becomes  a  gas.  It  ia  this  property  which  renders 
carbon,  of  all  combustible  bodies,  the  mostsuitabb  for  heating  and  illuminat- 
ing purposes — questions  of  cost  and  convenience  being  set  aside.  Phosphonis 
bums  in  the  air  with  a  more  brilliant  light  than  carbon — yet  this  substance 
could  not  bo  used  as  an  agent  for  producing  light  and  heat,  since  the  solid 
1-roducts  of  its  combustion  remain  solid,  and  being  deposited  on  oontiguoos 
objects,  soon  smother  the  combustible  beneath  its  own  aslies.  Zinc,  when 
highly,  heated,  bums  in  the  air  with  a  brilliant  flame,  but  the  products  of  its 
combustion — white  oxyd  of  zinc — fisdl  about  the  illuminating  center  in  a  min- 
iature shower.  The  ordinary  product  of  the  combustion  of  carbon,  on  the 
contrary,  is  a  gas,  carbonic  acid,  which  in  virtue  of  its  gaseous  qualities  es- 
capes into  the  atmosphere,  and  combustive  action  remains  unimpeded.  Had, 
however,  the  results  of  its  combustion  been  a  permanent  solid,  "  the  world 
would  have  been  buried  beneath  a  covering  of  ashes."* 


CHAPTEK    VIII. 

THE     METALLIC     ELEMENTS. 

487.  History. — Of  the  whole  number  of  elementary 
substances  included  in  the  class  of  metals,  fully  one  half 
are  so  rare,  that  they  are  known  only  to  the  chemist  and 
the  mineralogist ;  of  the  remainder,  some  fourteen  or  fif- 
teen only  admit  of  any  extensive  practical  applications. 
But  eight  metals  were  supposed  to  be  known  to  the  an- 
cients. 

*  There  cftn  scarcely  be  conceived  a  more  beantifnl  balance  of  pmren  derigned  for  fha 
acoompllshment  of  a  specific  end,  than  this  fixation  of  carbon  in  a  pare  state,  and  the 
volatility  of  its  oxygen  compounds ;  yet  so  fieimiUar  has  the  result  become  to  us— so  on- 
noticed  by  its  very  perfection — tliat  an  effort  of  chemical  reasoning  is  required  to  enabia 
u»  to  appreciate  it  The  enormous  quantity  of  ponderable,  yet  invisible  carbon  removed 
in  the  draught  of  our  larger  fireplaces  is,  on  its  first  announcement  startling ;  yet  nothing 
admits  of  more  satisfactory  proof.  Through  an  average  sized  iron  blast  furnace  thers 
rushes  hourly  no  less  a  quantity  of  atmospheric  air  than  six  tons,  carrying  off  fifty-six 
hundredths,  or  more  than  half  a  ton  of  carbon  in  the  form  of  carbonic  add. — Fabadat. 

■  -■     ■  "■  ^    ■'  -11  ,  «  ■    ■    »■  ■  ■       ■  ■■       ■  ■  ■  ■  a-^  -—  ■■■  ■■■■  urn 

QxTESTiONB.— What  two  phases  does  carbon  assume  in  combustion  ?  Why  is  it  the  most 
suitable  of  all  bodies  for  combustion  ?  Why  could  we  not  use  phosphoma  as  an  illaminaft- 
ing  agent  ?    What  is  said  of  the  relative  abundance  of  the  metals  ? 
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• 

488.  Properties . — Tho  metals,  as  a  class,  are  characterized  by  a  pe- 
culiar luster,  termed  metallic ;  a  property  exhibited  in  the  highest  degree  by 
burnished  steel,  and  the  reflecting  surfaces  of  mercury  in  glass  mirrors.  They 
are  also  possessed  of  a  high  degree  of  opacity,  and  are  good  conductors  of  heat 
and  electricity. 

Density . — In  density  the  metals  differ  greatly ;  potassium  and  sodium 
being  lighter  than  water,  while  gold  and  platinum  are  the  most  dense  of  all 
substances,  being  respectively  nineteen  and  twenty-two  times  heavier  than 
an  equal  bulk  of  water. 

HardnesR • — ^Titanium  and  manganese  are  the  hardest  of  the  mctal^s 
being  harder  than  steel ;  lead  may  be  scratched  by  the  flnger-nail ;  potassium 
and  sodium  are  as  soft  as  wax ;  while  mercury,  at  ordinary  temperatures,  is 
a  liquid. 

Malleability  and  Dactility . — The  most  malleable  of  the  metals 
are  gold,  silver,  copper,  tin,  cadmium,  platinum,  lead,  zinc,  iron,  nickel,  potas- 
sium, sodium,  and  frozen  mercury — ^in  the  order  given.  These  may  all  be 
hammered  out  into  plates,  or  even^into  thin  leaves. 

The  same  metals  are  likewise  ductile,  or  may  be  drawn  into  wires,  although 
the  ductility  of  different  metals  is  not  always  proportional  to  their  malleabUity. 
The  most  ductile  of  the  metals  are  gold,  silver,  platinum,  and  iron. 

In  the  manu&cture  of  gold-thread,  by  recently  improved  processes,  gold  in 
combination  with  silver  is  drawn  into  wire,  by  forcing  it  through  smooth 
conical  holes  perforated  in  rubies — so  fine,  that  a  single  ounce  is  made  to 
stretch  oyer  a  length  of  sixty  miles. 

Tenacity  . — ^The  tenacity  of  the  metals,  or  the  power  which  they  pos- 
sess of  resisting  tension  without  breaking,  is  determined  by  ascertaining  the 
weight  required  to  break  wires  of  them  having  the  same  diameter.  Iron 
appears  to  possess  this  property  in  the  greatest,  and  lead  in  the  least  degree. 
A  wire  of  iron  7-IOOths  of  an  inch  in  diameter,  will  sustain  a  weight  of  444 
lbs. ;  a  wire  of  copper  of  the  same  diameter,  300  lbs. ;  of  gold,  137 ;  of 
load,  24. 

The  tenacity  of  metals,  however,  varies  greatly  in  the  same  metal,  with  its 
purity  and  the  method  by  which  it  has  been  wrought  Recent  'experiments, 
made  under  the  direction  of  the  U.  S.  War  Department,  have  shown  that  the 
cohesive  strength  of  iron  is  greatly  increased  by  fusing  it  a  number  of  times 
up  to  a  certain  point — ^its  capacity  to  resist  transverse  strains  being  increased 
thereby  sixty  per  cent  The  tenacity  of  iron  is  closely  dependent  on  its 
density.  Thus  cast-iron,  having  a  density  of  6*900  has  a  tenacity  five  times 
less  than  iron  of  a  density  of  7*400.     Iron  castings  of  the  greatest  weight, 


Qxmnows.— What  are  the  leading  eharaeteristics  of  the  metals  ?  What  is  said  of  their 
density?  Of  their  hardness  ?  What  metals  are  the  most  malleable?  What  most  duc- 
tile? What  are  illustrations  of  the  ductility  of  the  metals?  How  is  the  tenacity  of  a 
metal  determined  ?  What  metals  possess  this  property  in  the  greatest  and  least  degree  ? 
How  may  the  cohesive  strength  of  iron  be  increased  ?  What  connection  is  there  betwee:i 
th*  tenacity  of  iron  and  its  density  ? 
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according  to  their  size,  are  by  far  the  strongest,  and  weighing  them  is  a  readj 
means  of  judging  comparatively  of  their  strength. 

A  corrugated  sheet  of  metal,  or  one  that  is  doubled  into  ridges  and  folds, 
will  resist  a  far  greater  crushing  force  than  a  flat  sur&ce.  In  the  case  of  cop- 
per, the  ratio  of  strength  has  been  proved  to  foe  as  great  as  1  to  9. 

Fusibility . — All  the  metals  admit  of  being  fused  by  the  application 
of  heat,  but  the  temperatures  at  which  they  liquefy  are  very  various.  Mer- 
cury, for  example,  remains  fluid  at  a  temperature  as  low  as  — 39®  F.,  while 
platinum,  iridium,  rhodium,  and  several  others,  leqwre  the  intense  heat  of 
the  voltaic  battery  or  the  oxyhydrogen  blow-pipe  to  effect  their  Aision. 

Welding . — ^me  metals  acquire  a  pasty  or  adhesive  state  before  under- 
going complete  fusion,  in  which,  if  two  dean  sur&ces  be  presented  to  each 
other,  and  strong  pressure  or  hammering  be  employed,  they  unite  or  weld 
together,  so  as  to  form  one  continuous  moss.  The  metals  which  possess  this 
property  are  iron,  platinum,  palladium,  and  the  metals  of  the  alkalies. 

Volatility . — At  higher  temperatures  than  is  required  for  their  fmdon, 
all  the  metals  are  probably  volatile.  Seven  of  the  metals  are  so  volatile  as 
to  admit  of  distillation  from  the  compounds  which  contain  them.  They  ars 
mercury,  arsenic,  tellurium,  cadmium,  zinc,  potassium,  and  sodium.* 

489.  Alloys . — Combinations  of  the  metals  with  metals  are  termed  Al- 
loys, many  of  which  are  most  extensively  used  in  the  arts,  as  brass,  bronze, 
bell-metal,  type-metal,  German  silver,  etc. 

490.  Amalgam . — When  the  metals  combine  with  mercury,  the  result- 
ing product  is  called  an  amalgaTn, 

It  is  sometimes  questioned  whether  alloys  are  true  chemical  compounds ; 
but  the  general  opinion  at  the  present  time  is,  that  they  are  mixtures  of  defi- 
nite compounds,  with  an  excess  of  one  or  other  metal  The  evidence  in 
favor  of  this  view  is,  that  some  definite  compounds  of  the  metals  occur  natu- 
rally ;  and  when  an  alloy  is  formed,  the  sp^ific  gravity  of  the  compound  is 
either  above  or  below  that  of  the  mean  of  the  metals  employed ;  the  fusing  point, 
also,  of  an  alloy  is  generally  much  lower  than  the  mean  of  the  metals  which 
compose  it  This  is  strikingly  shown  in  an  alloy  called  the  "  fusible  metal," 
which  is  composed  of  8  parts  of  bismuth,  5  of  lead,  and  3  of  tin,  and  melts 
at  203®  F. — a  temperature  more  than  200®  below  the  melting  point  of  tin, 
the  most  fusible  of  its  constituents,  and  400®  below  that  of  lead.  Its  low  fu- 
sibility may  be  illustrated  by  melting  a  quantity  of  it  in  a  paper  crucible. 


*  Beams  of  wood  suspended  over  copper  smelting  famaees  have  been  observed  to  be 
pervaded  throughout  their  entire  structure  with  minute  beads  of  metallic  copper — t!  e 
copper  having  been  raised  in  vapor,  and  so  deposited  within  the  fibers  of  the  wood.  Croll 
maybe  seen  to  undergo  volatiliaation  in  the  focus  of  an  intensely  powerful  baming-i^ass* 
and  fine  wires  of  the  most  refractory  metals  may  be  dispersed  in  vapor  by  transmitting  a 
powerful  electric  discharge  through  them. — Millkb. 

QunnoirB. — ^What  effiect  has  corrugation  on  the  strength  of  a  metal  ?  What  is  said  of 
the  fusibility  of  the  metals  r  What  is  welding  ?  What  metals  can  be  welded  ?  What  if 
said  of  the  volatility  of  the  metals  ?    What  are  alloys  f    What  are  amalgams  f 
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491.  All  the  metals  have  the  property  of  assamlng  the  crystalline  form 
but  it  is  not  always  easy  to  place  them  under  circumstances  favorable  to  their 
doing  so.  Some  of  them  occur  in  nature,  in  a  crystallized  state,  particularly 
gold^  silver,  copper,  bismuth,  and  platinum. 

492.  All  the  metals  are  capable  of  uniting  with  oxygen,  Jbut  they  differ 
greatly  in  their  affinities  for  this  element  The  greater  number  combine  with 
it  at  all  temperatures,  and  are  reduced  (deoxydized)  with  difficulty.  Others 
on  the  contrary,  like,  gold  and  platinum,  can  not  be  made  to  combine  with 
oxygen  directly ;  and  their  oxyds  are  decomposed  at  a  slight  increase  of 
temperature. 

The  metallic  oxyds  differ  greatly  in  their  properties.  Some  of  them  pos- 
sess basic  diaracters  more  or  less  marked ;  others  will  not  combine  with  either 
acids  or  alkalies ;  while  a  third  class  have  distinctly  acid  properties.  The 
strong  bases  are  all  protoxyds,  containing  single  equivalents  of  metal  and 
oxygen ;  the  peroxyds  are  generally  neutral,  while  the  metallic  acids  contain 
the  largest  quantities  of  oxygen. 

493.  Classification  of  the  Metals.— The  metals  maybe 
arranged  in  four  classes,  viz. :  1.  The  metals  of  the  alka- 
lies ;  2.  The  metals  of  the  alkaline  earths  ;  3.  The  metals 
of  the  earths  ;  4.  The  heavy  metals,  or  metals  proper. 

The  latter  class  may  be  again  subdivided,  according  to  the  affinity  of  the 
metals  contained  in  it  for  oxygen,  into  two  groups — ^the  noble  and  the  com- 
mon metals.  The  former  resist  the  action  of  oxygen,  like  gold,  silver,  etc ; 
while  the  latter,  like  iron,  lead,  copper,  etc.,  imite  with  it  readily. 


CHAPTER    IX. 

THE  METALS  OF  THE  ALKALIES. 

The  metals  which  by  oxydation  produce  alkalies  are 
Potassium,  Sodium,  Lithium,  and  a  hypothetical  sub- 
stance^ Ammonium,  the  radical  of  Ammonia. 

SECTION    I. 

POTASBIFM. 

Eq^ivaHjffid^  39-2.     Syrribol,  K  (Kalium).     Specific  gravity^  0*865. 

494.  History. — Potassium  was  discovered  by  Sir  Hum- 
phrey Davy  in  1807,  who  obtained  it  by  decomposing 

QuKsnoKS. — Do  all  the  metals  ciystallize?  What  is  si^d  of  the  affinities  of  the  metals 
for  oxygen  ?  What  are  the  characteristics  of  the  metallic  oxyds  ?  How  may  the  metals 
be  dassified  ?  What  are  the  noble  metals?  When  and  by  whom  was  potaBsiom  disooT- 
ered? 
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hydrate  of  potash  (KO,  HO)  by  the  action  of  a  powerful 
galvanic  battery. 

The  discovery  of  potassiam  marks  an  era  in  the  progress  of  chemistTy. 
The  alkalies  and  the  alkaline  earths  had  long  been  suspected  to  be  oompound 
bodies^  but  up  to  this  period  they  had  resisted  all  attempts  to  decompose 
them.  When  once,  however,  potassium  had  been  separated  from  its  com- 
pounds, and  potash  had  been  proved  to  be  an  oxyd  of  this  metal,  the  do- 
composition  of  the  other  alkalies  and  earths,  and  the  discovery,  in  quick  suc- 
cession, of  sodium,  barium,  strontium,  and  calcium,  followed  as  a  necessary 
consequence. 

495.  DiHtribution . — Potassium  is  widely  diffused  in  nature,  but  al- 
ways in  combination  with  other  bodies.  Many  of  the  minerals  which  com- 
pose the  crystalline  rocks,  such  as  feldspar,  mica,  etc,  contain  potash  united 
with  silica — silicate  of  potash.  As  those  rocks  crumble  down  into  soils, 
potash  assumes  a  soluble  form,  and  is  gradually  taken  up  by  plants,  and  ac- 
cumulated in  their  structura  When  plants  are  burned,  the  potash  thus  al>- 
sorbed  constitutes  a  part  of  their  ashes,  and  from  these  nearly  alLour  supplies 
of  this  substance  are  derived.  Potassium  also  exists  in  sea-water,  as  chloride 
of  potassium. 

496.  Preparation . — The  original  method  of  preparing  potassimn 
through  the  agency  of  the  galvanic  battciy  is  troublesome  and  expensive, 
and  a  new  method  has  been  devised,  which  consists  essentially  in  subjecliDg 
a  mixture  of  finely  pulverissed  charcoal  and  carbonate  of  potash  in  an  iron 
retort  to  an  intense  heat;  decomposition  of  the  alkali  ensues,  and  the  potas- 
sium distils  over  in  metallic  globules  which  are  collected  in  a  vessel  of 
naphtha. 

491.  PropertieR . — ^When  a  globule  of  potassium  is  freshly  cut  open, 
it  appears  as  a  brilliant,  silver-white  metal;  but  the  exposed  sur&ce  in- 
stantly tarnishes  by  contact  with  the  air,  and  in  a  few  minutes  becomes  cov- 
ered with  a  white  coating  of  oxyd  (potash).  At  common  temperatures  it  is 
soft,  and  may  be  molded  like  wax ;  at  32°  F.  it  is  brittle  and  crystallina  Its 
attraction  for  oxygen  is  so  great,  that  it  can  only  be  preserved  in  a  pure  state 
in  exhausted  and  sealed  glass  tubes,  or  under  the  surface  of  some  liquid, 
like  naphtha,  which  contains  no  oxygen.  At  high  temperatures  it  will  re- 
move oxygen  from  almost  all  bodies  which  contain  this  element,  with  which 
it  is  brought  in  contact  The  powerful  attraction  of  potassium  for  oxygen 
may  be  illustrated  by  throwing  a  small  piece  of  the  metal  upon  the  surfiioo 
of  water,  in  which  case  a  part  of  the  water  is  immediately  decomposed — its 
oxygQu  combining  with  the  potassium  to  form  potash,  whilst  the  liberated 
hydrogen,  taking  fire  (torn  the  heat  evolved,  bums  in  connection  with  a  po^ 
tion  of  th9  volatilized  metal,  with  a  beautiful  rose-rod  flame  (see  Fig.  177); 

QUKSTiowB. — ^What  consequences  foUowed  the  discovery  of  potassium  ?  What  is  laiJ 
of  its  distribution  ?  From  whence  are  the  chief  supplies  of  potasfdum  and  itt  compoanda 
obtained  ?  How  is  potassium  practically  obtained  ?  What  are  Its  properties  ?  WhM  U 
said  of  its  attraction  for  oxygen  ?    How  may  this  l>o  illustrated  t 
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the  potasfflum  at  the  same  time  fusmg,  assumes  the  j^q^  2*77. 

spheroidal  state  (g  154),  and  moves  over  the  smface  of 
the  water  with  great  rapidity,  Imally  disappearing  with 
an  explosive  burst  of  steam,  as  the  globule  of  melted 
potash,  which  is  formed  by  oxydation,  becomes  suffi- 
ciently cool  to  come  in  contact  with  the  water.  If  this 
experiment,  which  is  one  of  the  most  beautiful  in  chemistry,  be  made  on  a 
vessel  of  water  reddened  with  a  vegetable  color,  the  alkali  produced  changes 
this  color  to  blue  or  green. 

498.  Compounds   of  Potassinm. 

Protoxyd  of  PotasHiumi  Potash,  or  Potassa,  KO. — 
The  only  known  method  of  obtaining  this  oxyd  free  from  water,  is  by  ex- 
posing potassium  to  dry  air.  when  it  oxydatcs  to  a  fine  white  powder.  If 
once  united  with  water,  no  degree  of  heat  is  suffitiient  to  expel  the  water. 

The  potash  of  commerce  and  of  the  laboratory  is  always  a  hydrate  (KO,  HO). 
It  is  prepared  by  dissolving/ carbonate  of  potash  in  ten  or  twelve  times  its 
weight  of  water,  in  a  clean  iron  vessel,  and  adding  to  the  boiling  solution  a 
^  quantity  of  good  quick-lime  equal  in  weight  to  half  the  carbonate  of  potash 
used.  The  lime  should  be  previouslv  slacked,  made  into  a  cream  with  water, 
and  added  in  small  portions  at  a  time,  so  that  the  liquid  may  be  kept  at  the 
boiling  point  The  lime  abstracts  the  carbonic  acid  from  the  potash,  and 
forms  carbonate  of  lime ;  which,  being  insoluble,  is  precipitated,  leaving  hy- 
drate of  potash  in  solution.  The  clear  solution,  if  properly  prepared,  will  not 
effervesce  on  the  addition  of  hydrochloric  acid,  thusshowhig  that  all  the  car- 
bonic acid  has  been  transferred  from  the  potash  to  the  lime.  The  clear  liquor, 
which  is  known  as  solution  of  caustic  potash,  when  drawn  off  by  a  syphou  from 
the  precipitate,  and  evaporated  to  drjmess,  yields  a  grayish-white  solid,  with 
a  crystalline  fracture-^the  crude  potash  of  commerce.  This,  melted  and  cast 
into  sticks,  constitutes  the  caustic  or  fused  potassa  of  the  shops  (lapis  infer- 
nal!s\  and  is  used  in  this  state  by  the  surgeons  as  a  cautery. 

499.  Properties • — ^Hydrate  of  potash,  after  fusion,  is  a  hard,  grayish- 
white  substance ;  very  deliquescent,  and  dissolving  freely  in  water  and  alco- 
hoL  Both  in  the  solid  state  and  in  solution,  it  rapidly  absorbs  carbonic  add 
from  the  air,  and  must  therefore  be  preserved  in  closely-stopped  bottles. 

Ilydrate  of  potash  possesses  in  solution,  the  properties  termed  alkaline,  in 
the  very  highest  degree.  It  neutralizes  the  most  powerful  acids ;  restores  the 
blue  color  to  reddened  litmus,  changes  the  blue  infusion  of  cabbage  into  g^en, 
but  in  a  short  time  entirely  destroys  these  colors.  It  has  a  peculiar  odor, 
ail  acrid  and  disgusting  taste,  characteristic  of  the-alkalies^  and  quickly  dc- 
strovs  both  anl-nal  ani  vei^etable  matters ;  for  this  reason,  its  solution  can 
not  be  filtered,  except  through  pounded  glass  or  sand,  and  is  always  best  clar- 
ified by  allowing  th6  impurities  to  subside,  and  then  decanting  off  the  clear 

QmvnoKS. — How  may  potaeh  free  from  water  be  obtained  f  What  is  the  composition 
of  oommercial  potash?  How  is  it  prepared?  What  is  caostio  potaasa?  What  are  iU 
properties  f 
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liquor.    Hydrate  of  potash,  when  handled,  imparts  to  the  fingers  a  pecufiar, 
8oap7  feel,  which  is  occasioned  by  a  gradual  solution  of  the  skin  (cuticle). 

The  affinities  of  potassa  when  heated  are  so  powerful  that  but  few  sub- 
stances are  capable  of  resisting  its  action ;  those  which  contain  silica  are  decom- 
posed by  it,  and  even  platinum  itself  is  oxydized  by  it  With  the  fata  and 
fixed  oils  it  forms  soaps,  which  are  true  salts,  composed  of  a  &tty  acid  and  the 
alkaUne  base.  Its  applications  also  in  chemistry  and  in  the  arts  are  almost 
innumerable. 

600.  Potassa  is  the  strongest  base  known  in  chemistry ;  consequently,  it 
may  be  used  to  effect  the  decomposition  of  almost  every  salt  This  may  be 
illustrated  by  adding  a  solution  of  potash  to  a  solution  of  either  the  sulphates 
of  iron  (g^reen  vitriol)  or  copper  (blue  vitriol),  in  water;  the  potash  immedi- 
ately unites  with  the  acid,  and  the  insoluble  metallic  oxyd  is  precipitated 

Potash  is  a  fatal  corrosive  poison. 

601.  Carbonate  of  Potash,  KO,COj.— PearZo^A.  — This 
important  salt  is  obtained  almost  exclusively  from  the 
ashes  of  land  plants  ;  the  ashes  of  marine  plants,  on  the 
contrary,  contain  soda,  and  but  comparatively  little  potash. 

In  countries  where  wood  is  most  abundant,  as  in  some  parts  of  the  United 
States,  Canada,  Russia,  eta,  it  is  burned  exclusively  for  the  sake  of  its  ashes. 
These  are  collected,  placed  in  large  tubs  (leach  tubs),  and  treated  with  water; 
the  water  soaking  through  the  ashes,  dissolves  out  the  potash  salts,  together 
with  various  other  soluble  mineral  substances,  and  is  converted  into  ley ;  this 
when  evaporated  to  dryness,  yields  an  impure  carbonate  of  potash,  which  is 
sold  in  commerce  in  immense  quantities,  under  the  names  of  pot  and  peaHr 
ashes, 

*  The  weight  of  ashes  furnished  by  different  plants  va^es  in  different  species 
and  soils.  Herbaceous  plants  yield  more  than  woody  ones;  and  the  leaves, 
bark,  and  young  shoots  are  the  parts  which  furnish  the  greatest  quantity  of 
alkalL  Potash  does  not  exist  in  plants  in  the  form  of  carbonate,  but  is  acca- 
mulated  in  their  substance  in  combination  with  certain  organic  acids.  Thus, 
potash  in  the  vine  is  combined  with  tartaric  acid,  and  in  the  sorrel  with  ox- 
alic acid.  When  plants  are  burned,  these  acids  are  destroyed,  and  the  potash, 
uniting  with  carbonic  acid  formed  during  the  combustion,  is  obtained  in  the 
form  of  a  carbonate. 

Carbonate  of  potash  has  strong  alkaline  properties,  and  dissolves  in  about 
twice  its  weight  of  water. 

502.  Bi-Carbonate  of  Potash;  KO,  2 C Ot  is  a  compound  con- 
taining double  the  quantity  of  carbonic  acid  that  ordinary  potash  does ;  it  is 

QusaTioNV. — ^Whatgires  to  potash  its  pecniiar  feeling?  What  is  sidd  of  its  affinities 
and  uses  ?  What  of  its  basic  properties  ?  From  what  source  is  carbonate  of  potash  ob- 
tained ?  What  is  the  process  of  preparing  it  ?  Under  what  name  does  it  occur  in  com- 
merce ?  What  is  said  of  the  amount  of  ash  yielded  by  plants  f  In  what  stat«  dees  potash 
exist  in  plants  f    What  is  bi«carbonate  of  potash  ? 
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very  generally  known  under  the  name  of  "saleratus,"  but  thia  term  is  often 
applied  to  designate  any  purified  carbonate  of  potash. 

503.  JVitrate  of  Potash,  KO,  Si  O5.  —  SaUpeter^  Niter,— Thia  salt 
occurs  somewhat  abundantly  as  a  natural  product.  The  chief  sources  of  its 
supply  are  certain  districts  of  the  East  Indies,  where  it  is  found  disseminated 
through  the  soil,  or  as  an  efflorescence  upon  the  surface.  It  is  obtained  in  a 
separate  state  by  treating  the  earth  with  water,  and  allowing  the  solution  to 
crystallize.  It  is  supposed  to  be  produced  by  the  decomposition  of  organic 
matters  containing  nitrogen  in  soils  containing  potash  and  lima 

In  Europe  saltpeter  is  formed  artificially  by  mixing  animal  refuse  of  all 
kinds  with  old  mortar,  wood-ashes,  etc.,  in  heaps,  exposed  to  the  air,  but 
sheltered  from  the  rain.  These  heaps  are  watered  from  time  to  time  with 
putrid  urine,  and  after  the  lapse  of  two  or  three  years  the  mixture  is  washed, 
and  the  salt  crystallized  out  A  cubic  foot  of  refuse  may  in  this  way  be 
made  to  yield  as  much  as  20  ounces  of  niter. 

The  earth  on  the  floor  of  many  caverns,  as  the  Mammoth  Cave  of  Kentucky, 
often  becomes  strongly  impregnated  with  nitrate  of  lime,  which,  when  leached 
with  wood  ashes,  or  treated  with  potash,  is  decomposed,  and  yields  nitrate  of 
potash.  In  this  way  saltpeter  was  manufactured  for  the  Government  during 
the  war  of  1812. 

504.  Properties . — Saltpeter  crystallizes  in  long,  six-sided  prisms,  and 
is  freely  soluble  in  water ;  its  solubility  increasing  in  a  remarkable  manner 
with  the  temperature  of  the  water;  thus,  100  parts  of  water  at  32°  F.  dissolve 
*l  parts;  at  65®  R,  29  parts;  and  at  212°  P.,  400  parts.  The  taste  of  salt- 
peter is  cooling  and  saline ;  it  is  an  antiseptic,*  and  is  used  in  brine  for  pre- 
serving the  natural  color  of  salted  meats. 

Owing  to  the  great  quantity  of  oxygen  which  saltpeter  contains,  and  the 
facility  with  which  it  parts  with  it,  it  is  extensively  used  as  an  oxydizing 
agent  When  thrown  upon  burning  coals  it  deflagrates  brilliantly.  If  paper 
be  dipped  in  a  solution  of  niter,  and  dried,  it  forms  what  is  well  known  as 
"  icmch-paperf'^  which,  when  once  kindled,  steadily  smoulders  away  tiH  Con- 
sumed, and  is  hence  largely  employed  in  firing  trains  of  powder,  fireworks, 
etc. 

The  occurrence  of  fearful  explosions,  when  warehouses  containing  saltpeter 
in  large  quantities  have  been  consumed  by  fire,  has  occasioned  much  specu- 
lation as  to  whether  ignited  saltpeter  will,  under  any  circumstances,  explodo. 
The  facts  in  regard  to  this  subject  are  as  follows ; — saltpeter,  when  burned  by 
itself,  will  not  explode ;  but  the  oxygen,  which  is  liberated  during  its  ignition, 
by  mingling  with  the  carbonaceous  gases  evolved  during  the  combustion, 
at  the  same  time,  of  other  substances,  may  produce. explosive  compounds. 

*  The  name  antiseptic  is  given  to  those  sabstances  -wliich  resist  and  retard  the  decom- 
position of  organic  substances,  such  as  saline  bodies,  acids,  etc 

QtiEsnoxB. — What  is  saleratus?  From  whence  is  saltpeter  mainly  obtained  ?  What 
is  snpposed  to  l>e  its  origin  ?  How  may  saltpeter  be  formed  artificially  ?  What  are  the 
properties  of  saltpeter  ?    What  is  **  touch-paper  V*    Will  saltpeter  explode  ? 
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505.  Uunpowder  # — The  principal  uso  of  saltpeter  is  for  the  manofho 
turo  of  gunpowder,  which  consists  of  a  mechanical  mixture  of  niter,  sulphur, 
and  ciiarcoal,  in  proportions  which  very  nearly  correspond  to  1  equivalent  of 
niter,  3  of  carbon,  and  1  of  sulphur;  thusl — 

lalOOparU. 

Niter,        1  cq.  101  74*8 

Sulphur,    1  eq.    16  13*3 

Charcoal,  3  oq.    18  11*9 

135  100-0 

The  great  explosive  power  of  gunpowder  is  due  to  the  sudden  conversion 
of  the  solid  grams  into  gases  (principally  nitrogen  and  carbonic  acid) ;  tliese^ 
at  the  ordinary  temperature  of  the  air,  would  occupy  a  space  equal  to  about 
300  times  the  bulk  of  the  powder  used ;  but  from  the  intense  heat  devefoped 
at  the  moment  of  the  explosion,  the  expansion  amounts  to  at  least  1,500 
times  the  volume  of  the  powder.* 

506.  Manufacture  of  Gunpowder.  —  In  the  manufacture  of 
gunpowder,  the  three  materials,  in  the  state  of  the  greatest  purity,  are  first 
pulverized  separately,  and  then  mixed  in  the  proper  proportions.  They  are 
then  slightly  moLsteued,  and  furtlier  ground  and  blended  together,  in  charges 
of  42  Iba  each,  by  means  of  large  cylinders  or  wheels  of  iron,  weighing  sev> 
end  tons  each,  which  roll  round  over  the  powder  in  a  large  wooden  tub.  Tbe 
mixture  is  then  spread  in  layers  of  about  an  inch  in  thickness,  between  cop- 
per plates,  and  subjected  to  an  fmmense  hydraulic  pressure.  A  thin,  hard 
cake  is  thus  obtained,  which  is  broken  into  small  fragments,  or  grantUcUed,  by 
subjecting  it  to  the  action  of  toothed,  brass  rollers,  of  different  successive 
gauges.  The  grains  are  next  sorted  by  means  of  sieves  of  different  sizes; 
oiler  which  they  ore  thoroughly  dried  by  steam-heat,  and  finally  polished  and 
glazed  by  rotating  them  in  wooden  revolving  cylinders,  with  a  small  quan- 
tity of  "  black  lead." 

The.  object  of  granulating  the  powder  is  to  fiivor  the  rapidity  of  the  ex- 
plosion, by  leaving  interstices  through  which  the  ilame  is  enabled  to  pene- 
trate, and  kindle  eveiy  grain  at  the  same  moment  Powder,  in  the  form  of 
fine  dust,  burns  rapidly,  but  does  not  explode.  The  firing  of  gunpowder  is 
not  absolutely  instantaneous,  inasmuch  as  gun-cotton  and  fiilminating  mer- 
cury explode  much  more  rapidly — which  facts  prove  duration  in  the  explosion 

*  The  ezpansiro  foroe  of  gunpowder  depends  almost  entirely  upon  the  circnmstanoei 
under  which  it  is  fired.  Count  Rumford  showodf  during  the  last  century,  that  if  poirder 
be  placed  in  a  dosed  cavity,  and  the  cavity  be  two  thirds  filled,  the  force  will  exceed 
160,000  lbs.  upon  the  square  inch ;  and  he  estimated  that  if  the  ca^ty  were  entirely  filled, 
and  restrained  to  its  original  dimensions,  the  force  would  rise  to  750,000  Ibs^  per  sqiutrQ 
inch.  Recent  experiments,  by  Mr.  Treadwell  of  Boston,  also  tend  to  confirm  these  con- 
clusions. On  the  other  hand,  if  powder  bo  fired  in  constantly-maintained  vacuam,  it 
would  not  rend  walls  made  of  cartridge-paper,  if  a  single  end  were  left  open  to  its  escape. 

QxfkBTioxs. — What  is  gunpowder?  To  what  is  the  explosire  force  of  gunpowder  due? 
How  does  its  force  vary?  How  is  gunpowder  manufactured  f  Why  is  powder  made  ia 
grains  f    Is  the  explosion  of  gunpowder  instantaneous  ? 
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of  powder.*  Substances  which  explode  more  rapidly  than  gunpowder  are 
not  adapted  for  the  movement  oif  projectiles,  inasmuch  as  sufficient  time  is  not 
given  to  allow  the  charge  to  receive  the  full  advantage  of  the  expansive  force 
of  the  gases  generated ;  their  action,  therefore,  is  not  to  project  the  ball,  but 
to  burst  the  gun. 

The  goodness  of  gunpowder  may  be  tested  by  placing  two  small  heaps  upon 
dean  writing-paper,  three  or  four  inches  asunder,  and  firing  one  of  them  with 
a  red-hot  wire ;  if  the  flame  ascends  quickly,  with  a  good  report,  leaving  the 
paper  free  from  white  specks,  and  not  burnt  into  holes ;  and  if  no  sparks  fly 
off  to  ignite  the  contiguous  heap,  the  powder  is  very  good ;  but  if  these  tests 
fiul,  the  ingredients  are  badly  mixed  oi*  impure. 

SECTION    II. 

80DIUU. 

Equivalent^  23.     Symbol^  Na  (Natrium).     Specific  gravity^  0*972. 

507.  Bi&tory  and  Distribntion.— This  metal  was  first 
obtained  by  Davy,  immediately  after  the  discovery  of 
potassium,  by  the  voltaic  decomposition  of  soda.  It  is 
now  prepared  very  cheaply  from  the  carbonate  of  soda,  by 
a  process  analagous  to  that  followed  in  the  preparation  of 
potassium. 

Sodium,  in  combination,  occurs  most  abundantly  in  the  mineral  kingdom, 
though  it  is  not  so  widely  dilTused  as  potassium.  Its  great  storehouse  is 
common  salt,  from  which  substance  most  of  the  soda  of  commerce  is  obtained. 
"  As  potassium  is  in  some  degree  characteristic  of  the  vegetable  kingdom,  so 

*  While  the  logical  solution  of  this  question  adds  but  little  to  our  knoirledge,  we  are 
able  to  infer,  from  certain  experimental  results,  the  course  of  action  which  accompanies 
or  causes  the  amazingly  rapid  explosion  of  a  quantity  of  powder  confined  in  a  close  canity. 
**  Thus,  when  the  fire  reaches  the  charge  from  the  touch-hole,  the  nearest  grains  beoomo 
kindled,  the  hot  finid  evolved  is  thrown  further  into  the  charge,  and  the  burning  succeeds 
saccessively  until  the  pressure  becomes  so  great  as  to  condense  the  air  contained  between 
the  grains  sufficiently  to  produce  the  heat  required  for  firing  these  grains,  which  are 
then  consumed  more  or  less  rapidly  as  they  are  fine  or  coarse.  We  have  then,  first, 
the  burning,  in  succession,  of  a  small  part  of  the  charge  ;  then  the  immensely  rapid, 
though  noi  instantaneous,  kindling  of  every  grain  composing  it ;  and  then  the  consump- 
tion of  these  grains,  which  is  not  accomplished  without  time.  It  is  a  task  for  the  concep- 
tion to  grasp  these  events,^folIowing  one  another  in  distinct  succession ;  each  having  its 
beginning,  middle,  and  end,  and  all  being  compressed  in  a  period  not  exceeding  1 -200th 
of  a  second.  When  we  have  mastered  the  imagination  of  these  we  may  go  further,  and 
combine  with  them  the  connected  and  contemporaneous  action  of  the  ball,  which  passes 
from  rest  to  motion,  and  through  every  gradation  of  velocity  up  to  1,600  feet  per  second, 
and  leaves  the  gun  as  our  historical  period  of  l-200th  of  a  second  expires.** — ^Tssadweli. 

Questions. — Why  are  compounds  more  explosive  than  gunpowder  not  adapted  for 
moving  projectiles  ?  How  is  the  goodness  of  powder  tested  ?  What  it  said  •f  sodium  ? 
What  of  its  occurrence  in  nature? 
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sodium  is  the  alkaline  metal  of  the  animal  kingdom,  its  salts  being  found  in 

all  animal  fluids.'^ 

508.  Properties . — Sodium  is  a  white  metal,  haying  the  aspect  of 

silver.  It  resembles  potassium  in  its  properties,  but  does  not  oxydate  so 
readily  as  potassium,  and  when  thrown  ufK)n  wetter,  does  not  inflame,  unless 
the  water  has  been  previously  heated.  Sodium  and  all  its  salts,  when  ignited, 
communicate  to  flame  a  rich  yellow  color ;  this  reaction  may  be  illustrated 
by  holding  a  piece  of  soda  glass,  or  any  mineral  containing  soda^  in  the  flame 
of  a  blow- pipe. 

509.  The  compounds  of  sodium  have  mainly  the  same  composition  and 
properties  as  those  of  potassium. 

510.  Caustic  Soda)  or  the  Hydrate  of  Soda,  NaO,  HO,  is  prepared 
by  decomposing  carbonate  of  soda  with  quick-lime,  in  the  same  manner  m 
has  been  already  described  for  caustic  potash.  Its  properties  and  appearance 
are  nlso  exactly  similar  to  those  of  caustic  potash. 

511.  Chloride  of  Sodium,  JVaCl. — Common  Salt, — This  important 
'  and  well-known  compound  is  formed  when  sodium  is  burned  in  chlorine  gas, 

and  also  when  soda  or  its  carbonate  is  neutralized  by  hydrochloric  acid. 

The  union  of  these  two  elements  is  attended  with  a  most  remarkable  con- 
densation of  volume.  Thus  24  parts  by  measure  of  common  salt  contains  no 
less  than  25*8  parts  by  measure  of  sodium  (more  than  its  own  bulk),  and  no 
loss  than  30  parts  by  measure  of  liquid  chlorine ;  or  in  other  words,  55  8 
parts  by  bulk  are  compressed  by  the  action  of  the  force  of  chemical  afiQnity 
into  24.  "  No  known  mechanical  force,"  says  Faraday,  "  could  have  accom- 
plished this  result  ;*  and  it  is  also  strange  that  such  an  amount  of  condensa- 
tion—of  squeezing  together  of  atoms — should  be  co-existent  with  such  perfect 
transparency,  for  common  salt  is  even  more  transparent  than  glass,  allowing 
a  certain  kind  of  radiant  matter  to  pass  which  stands  on  the  confines  of  light 
and  heat."    (§  206.) 

512.  Common  salt  is  found  pure  or  native  in  the  earth  in  rock-masses 
(rock-salt),  in  various  countries,  and  is  regularly  mined  or  quarried.  Tlio 
celebrated  mine  near  Cracow,  in  Poland,  is  located  in  a  bed  of  rock-salt 
which  is  estimated  to  be  500  miles  in  length,  20  broad,  and  not  less  than 
1200  feet  thick. 

Salt  also  exists  in  solution  in  all  searwater,  in  a  proportion  of  about  2*7  per 
cent,  which  amounts  to  nearly  4  oz.  per  gallon,  or  to  a  bushel  in  from  800 
to  350  gallons.  Salt  manu&ctured  from  sea-water  by  solar  evaporation,  is 
termed  "  bay,"  or  !*  solar  salt."  The  evaporation  is  not  carried  to  dryness^ 
but  when  the  greater  part  of  the  chloride  of  sodium  is  deposited  in  crystal 

*  The  student,  in  thlB  connection,  irill  do  veil  to  bear  in  mind,  that  phyaicista  are  nof 
yet  fully  agreed  as  to  vhether  a  liquid  is  capable  of  any  reduction  of  volume  by  any  ap- 
plication  of  mechanical  pressure, 

QlTissnoire. — ^What  are  its  properties?  What  is  caustic  soda?  What  is  common  salt? 
How  may  it  be  formed  artificially  ?  What  singular  circumstance  attends  the  union  of  ita 
elements?  What  is  rock  salt?  What  proportion  pf  salt  exists  in  sea-vater?  Hov  i* 
pall  mannfactured  from  this  pource  ? 
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the  mother-liquor  is  drawn  off.  This,  which  from  its  bitter  taste  is  tech- 
nically termed  the  "  bittern,"  retains  most  of  the  other  salts  contained  in 
sea- water,  i.  e.,  the  compounds  of  magnesia,  lime,  bromine,  etc. 

Salt  is  also  manufactured  in  large  quantities,  especially  in  the  United 
States,  by  evaporating  the  water  of  saline  springs.  From  this  source  6,000,000 
bushels  were  manufactured  in  the  State  of  New  York  (principally  in  Onon- 
daga County)  and  ^,500,000  bushels  in  the  State  of  Virginia,  during  the  year 
1356.  The  water  of  the  Onondaga  salt-springs  contain  about  one  seventh  part 
of  dry  salt  The  estimated  amount  of  salt  manufactured  from  all  sources  in  tlie 
United  States  during  the  year  1856,  was  upward  of  twelve  millions  of  bushels. 

The  appearance  of  salt  varies,  according  to  the  rate  at  which  evaporation 
is  conducted.  "When  boiled  down  rapidly,  it  forms  the  fine-grained  salt  used 
upon  our  tables ;  if  evaporated  more  slowly,  the  hard,  crystallized  salt,  pre- 
ferred for  the  packing  of  fish  and  meats,  is  obtained. 

Common  salt  crystallizes  in  cubes,  which  are  anhydrous,  but  crackle  or  de- 
crepitate, when  heated,  from  the  water  mechanically  confined  between  their 
plates.  If  the  evaporation  of  the  solution  of  salt  takes  place  slowly,  the 
cubical  crystals  are  large ;  but  if  it  be  rapid,  they  are  small,  and  curiously- 
arranged  in  what  is  called  a  "  hopper-shaped"  form.  Thus,  let  us  suppose  a 
small  cubical  crystal  has  formed  on  the  surface  of  the  solution.    From  its 
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greater  density,  the  crystal  has  a  ten- 
dency to  fall  to  the  bottom  of  the 
liquid,  but  capillary  attraction  keeps 
it  upon  the  surface.  (See  Fig.  178.) 
New  crystals  soon  form,  which  are 
joined  to  the  first  at  the  four  upper 
edges,  and  constitute  a  fitune  above 
the  first  little  cube.  (See  Fig.  179.) 
As  the  whole  descends  into  the  fluid, 
new  crystals  are  grouped  around  the 
first  frame,  constituting  a  second. 
(Fig.  180.)  Another  set^  added  in 
the  same  way,  gives  the  appearance 
shown  in  Fig.  181.  The  conse- 
quence of  this  successive  arrange- 
ment is,  that  the  crystals  are  group- 
ed into  hollow,  four-sided  pyramids, 
the  walls  of  which  have  the  appear- 
ance of  steps,  because  the  rows  of 
sinall  cubic  crystals  retreat  from  each 
other.     (See  Fig.  182.) 

Common  salt  is  equally  soluble  in  hot  and  cold  water ;  100  parts  of  water 
dissolve  37  parts  of  it;  so  that  a  saturated  solution,  or  the  strongest  possible 

Questions. — ^From  what  twurees  is  salt  principally  manufactured  in  the  United  States  ? 
Wliat  occasions  the  Tariations  in  the  appearance  of  salt  ?  What  is  said  of  the  erystallia* 
ation  of  salt  ?    What  of  its  solubiUty  f 
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brine,  contains  37  per  cent  It  is  an  essential  constituent  of  the  fixxl  of  both 
ymin  and  ftn'*"**^^",  who  languish  if  it  be  supplied  in  insufficient  quantities.* 

513.  Sulphate  of  8oda,  J!iaU,8  0s  + 1  OHU.^Xhis  compound 
is  popularly  known  as  ''  Glauber  salts,"  from  its  discoverer,  Glauber.  It  has  a 
saline,  bitter  taste,  and  is  occasionally  used  in  medicine  as  a  purgative.  It  is 
found  naturally  as  a  mineral,  and  occurs  also  in  sea-water,  and  in  many  min- 
eral springs ;  it  is  generally  prepared,  however,  by  decomposing  oonmion  salt 
with  sulphuric  acid,  as  in  the  process  for  preparing  hydrochloric  acid. 

Glauber  salts  possess  the  peculiar  property  of  being  more  readily  soluble 
hi  water  at  90^  F.  than  in  water  at  a  higher,  or  at  a  boiling  temperature.  It 
crystallizes  readily  from  a  saturated  solution  in  long  four-sided  prisms,  which 
contain  more  than  half  their  weight  of  water ;  exposed  .to  air,  this  water  gra> 
dually  evaporates,  and  the  crystals  crumble  to  a  fine  powder— effloresoei  A 
very  interesting  experiment  may  be  performed  by  closing  hermetically  a  flask 
containing  a  boiling  saturated  solution  of  this  salt;  in  this  condition,  the  so- 
lution may  be  kept  for  months  without  crystallizing,  but  tho  moment  air  ia 
admitted,  the  whole  becomes  a  semi-solid  mass  of  crystals. 

514.  Carbonate  of  Soda,  NaO,CO<+10HO.  — /SzZ-^Sbdb, 
Soda-Ash, — The  preparation  of  this  salt  constitutes  one 
of  the  most  important  branches  of  chemical  manufacture  ; 
immense  quantities  of  it  being  consumed  in  the  produc- 
tion of  ghiss,  in  the  fabrication  of  soap,  in  the  operations 
of  bleaching,  and  in  the  preparation  of  the  salts  of  soda. 

The  material  from  which  carbonate  of  soda  is  nowjnanu&ctured,  is  com- 
mon salt,  and  the  details  of  the  process  are  essentially  as  follows :  a  charge 
of  600  lbs.  of  salt  is  placed  upon  the  hearth  of  a  well-heated  rev^beratoiy 
furnace,  f  and  an  equal  weight  of  strong  sulphuric  acid  is  poured  upon  it 


*  "  Salt,**  says  Mungo  Park,  "  is  one  of  the  greatest  of  all  luxuries  in  Central  Africa 
and  the  continued  use  of  vegetable  food  creates  so  painfal  a  longing  for  it,  that  no  wordi 
can  describe  the  sensation."  From  time  immemorial,  it  has  been  known  that  vithoot 
salt  man  would  miserably  perish,  and  among  horrible  punishments,  entailing  certain 
death,  that  of  feeding  culprits  on  saltless  food  is  said  to  have  prerailed  in  barbarouB 
times.  The  explanation  of  this  is,  that  the  blood  contains  a  very  large  percentage  of 
common  salt ;  and  as  this  is  partly  discharged  every  day  through  the  skin  and  kidnejs, 
the  necessity  of  continued  supplies  of  it  to  the  healthy  body  becomes  apparent  The  VOa 
also  contains  soda  as  a  special  and  indispensable  constituent,  and  so  do  all  the  cartilages 
of  the  body.  Stint  the  supply  of  salt,  therefore,  and  neither  will  the  bile  be  able  properly 
to  assist  the  digestion,  or  the  cartilages  to  promptly  repair  their  wastc^-JonvsoN. 

t  A  reverberatory  furnace  (Fig.  18!>),  nsed  extensively  in  the  manufacture  of  aoda-«8h, 
the  puddling  and  refining  of  iron,  and  in  the  smiting  of  metals,  is  a  furnace  so  arranged 
that  the  heating  is  effected,  not  by  the  fuel  itself,  but  by  the  fiame  passing  from  the  fire- 
place, /,  under  the  influence  of  a  powerful  draft,  over  a  bridge  into  a  chamber,  where  the 

QxnsTioKa.— What  of  its  necessity  to  man  and  animals  ?  What  are  Glauber  salts? 
What  is  said  of  them?  What  of  their  solubility  ?  What  of  their  crystallization?  What 
is  soda-ash  ?  What  is  said  of  carbonate  of  soda  ?  From  what  is  it  manttfaetored  f  De> 
■oribe  the  procesA.    What  is  a  reverberatory  furaaoe? 
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through  AO  opening  in  the  roof  of  the  furnace.  IlydroclJoric  add  is  distn- 
gaged,  which  ia  usnaUj  allowed  to  escape  ap  tlie  clii[iiDe7(g  360),  aud  tlie 
salt  is  converted  into  siilphatH  of  soda.  This  op=ratiOQ  ia  completed  in  about 
fuur  houra,  and  requires  much  care  and  skilL 

The  sulphate  thus  formed  is  next  reducod  to  powder,  and  miied  with  an 
equal  w^ht  of  chalk  or  limsatone  (carbonate  of  liiue),  and  balT  as  mucli  fino 
coaL  The  miituro  is  then  healed  to  tbaion,  with  constant  stirring,  about  200 
lbs.  being  operated  oo  at  once.  By  this  troatmcnt  double  decomposition  is 
eCTecled,  tbe  sulphate  of  soda  being  converted  into  curbocate  of  soda,  ami 
the  carboData  of  lime  into  sulphuret  of  calcium.  The  mass,  when  cold,  is 
Created  with  water,  the  carbonate  of  soda  dissolved  out,  and  the  solution 
aobsoquontly  evaporated  to  dtjnesa.  The  product  constitutes  the  soda-ash 
or  British  alkali  of  commerce  (anhydrous  carbonate  of  soda),  and  when  of 
good  quality  contains  from  43  to  52  per  cent,  of  pure  soda.* 


material  to  be  «ted  upon  ia  pUccd.    Tbo  roor  of  tb 
no.  IBS.  ""^"B:  nMUHve,  reTorteratri  or  thro-i  Keek  Uie  flu 


tng  the  prDdueliDner 


t  n>  Dot  Dntll  1S?0  that  uir  neceiefUt  trial  vas  made  with  it  hi 

weada,  which  were  sold  In  the  marki^I  under  the  names  of  Spanish  barilla  and  kelpi  Uis 

(naat  af  Scotland.  Only  a  Bmall  quantity  of  the  nelghtufthcae  EnhaCanKB.  howereT,  via 
analkali.  Tbs  barilla  contained  about  ISpercent., and  was  sold  for  aboat  (50  per  ton; 
and  tbe  kelp  only  IS  or  A  per  cent.,  and  oaa  worth  (20  per  Ion.  It  li  oliilaui,  therejbn-, 
thai  tbe  Boap  and  glaai-makcr,  In  buying  Uiene  lubstaneea,  would,  in  tbe  one  cue,  pur- 
ebaae  9B  part*  of  worlhleti  malijrial,  and  tn  the  other  81  parts;  we  Bay  worthleaa,  because 

of  tbe  greateat  (dvantaBeB ;  but  the  bet  waa  quite  Iba  contrary,  and  tbe  chemlsta  and 
manufacturen  found  It  extremely  difficult  to  dlsdpato  the  prejadjee  In  faror  of  kelp  and 

QniaTion Whatlieald  of  the  hiitory  and  taitlodnctieii  of  carbonate  ofaodaf 
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615.  Bi-Carbonate  of  Soda,  NaO)  HO,  2CO9,  is  obt^ed  by 
passing  carbonic  acid  gas  into  a  solution  of  carbonate  of  soda,  or  by  exposing; 
soda-ash  to  the  carbonic  acid  generated  from  fermenting  grain,  as  in  distiller- 
ies, etc.    This  salt  is  often  sold  under  the  name  of  "soda  saleratua" 

516.  Alkalimetry  . — As  the  purity  and  value  of  the  commercial  car- 
bonates of  potash  and  soda  differ  greatly,  it  Jsecomes  important  to  the  buyer 
and  the  manufacturer  to  be  able  to  determine  rapidly  and  acca- 
^' }^^  rately  the  quantity  of  available  alkali  in  a  given  sample.  This 
operation,  termed  alkalimetry,  consists  in  ascertaining  how  much 
dilute  sulphuric  acid  of  a  standard-strength  is  required  to  neutralize 
exactly  a  known  weight  of  a  particular  specimen.  A  good  article 
will  require  more  acid  than  a  poor  one ;  consequently,  the  amount 
of  alkali  present  may  be  estimated  from  the  quantity  of  acid  con- 
sumed. In  practical  operations,  an  instrument  called  an  alkali- 
meter  is  employed.  This  consists  of  a  graduated  glass  cylinder,  or 
tube,  divided  into  degrees  (graduated) — Fig.  184)^in  which  th 
acid  used  is  measured  instead  of  being  weighed.  For  this  purpose 
a  test  add  must  be  prepared,  of  such  a  strength  that  one  degree 
of  it  will  exactly  neutralize  one  grain  of  pure  alkali  (potash,  or 
soda).  The  number  of  degrees  then  consumed  in  neutralizing  the 
alkaline  properties  of  a  known  weight  of  a  sample,  in  solution,  will 
indicate  at  onoe,  in  per  cents.,  the  quantity  of  pure  alkali  in  the  ar- 
ticle tested. 

517.  Nitrate  of  Soda',  Soda-SaUpeter,  Cubic  NUer,  NaO, 
NOs,  is  a  native  product,  occurring  in  great  quantities  in  Peru  and 
Chili,  S.  A.  It  resembles  nitrate  of  potash  in  its  properties,  but 
can  not  be  used  in  the  manufacture  of  gunpowder,  as  it  freely  ab- 
sorbs moisture  from  the  atmosphere.  It  is  used,  however,  exten- 
tensively  in  the  manufacture  of  nitric  acid,  and  to  some  extent  in  agriculture^ 
as  a  fertilizer. 


and  barilla.  When,  however,  the  ■oda-ash  was  onoe  introdaoed,  it  so  rednoed  the  ex- 
pense of  making  soap,  that  the  operation  of  alluuizing  the  fats,  which  had  before  cost  $40 
per  ton,  was  effected,  in  one  third  the  time,  for  $10  per  ton.  Similar  results  foUowed  its 
application  to  the  manufacture  of  glass ;  and  the  business  of  manufacturing  soda-ash  in- 
•reasod  so  fast,  that  in  1S37,  seventeen  years  after  tho  establishment  of  the  first  mannfac- 
tory  in  England,  the  quantity  produced  was  72,000  tons,  and  at  the  present  time  it  is 
upwards  of  800,000.  The  saying  to  the  English  nation  in  the  manufacture  of  soap  alone, 
from  the  introduction  of  Loblanc*s  process,  taking  as  a  baris  the  former  price  of  barQIa, 
and  the  present  consumption  and  price  of  soda-ash  (1  ton  of  the  latter  being  equivalent  to 
8  tons  of  kelp  and  3  of  barilla),  was  estimated  in  1847  as  equal  to  twenty  millions  of  dol- 
lars per  annum;  while  the  benefit  to  the  world  at  large  has  been,  that  the  prices  of  soap 
and  glass  have  been  reduced  so  low,  that  the  poorest  are  not  debarred  fix>m  their  unre- 
stricted use.  ' 


QiTBBTiovB.— What  Ifl  said  of  bl-carbonate  of  soda?    What  is  alkalimetry?    Wta^o^ 
nitrate  of  soda? 
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SECTION    III. 

LITHITJV. 

EquivdlerUt  6.     Symbol^  L. 

518.  This  rare  metal  forms  the  basis  of  the  third  alkali, 
lithia,  and  resembles  sodium  in  appearance  and  properties. 
The  alkali,  lithia  (oxyd  of  lithium),  occurs  in  small  quan- 
tities in  a  few  varieties  of  minerals,  and  is  rarely  met  with. 

SECTION    IV. 

▲  WOKITJM    (hypothetical). 

Equivalent,  18.     Symbol,  NH4. 

519.  The  alkali  ammonia  so  closely  resembles  potassa 
and  soda  in  its  properties  and  in  its  salts,  that  chemists  at 
the  present  time  generally  regard  it  as  the  oxyd  of  a  com- 
pound metal,  as  the  other  alkalies  are  oxyds  of  'simple 
metals.  The  name  applied  to  this  hypothetical  metal  is 
Ammonium,  its  composition  being  1  atom  of  nitrogen,  and 
4  atoms  of  hydrogen. 

All  attempts  to  isolate  this  substance  have  &iled,  fh>m  its  tendency  to  sep- 
arate into  ammonia  and  hydrogen  gas.  It  can  be  apparently  obtained,  how- 
ever, in  combination  with  mercury.  This  fact  may  be  easily  i^ustrated  by 
the  following  experiment : — A  little  mercury  is  put  into  a  test-tube,  with  a 
grain  or  two  of  potassium  or  sodium  ;*  on  the  application  of  n^erate  heat, 
over  a  spirit-lamp,  combination  ensues,  with  an  evolution  of  heat  and  light 
When  cold,  the  fluid  amalgam  is  put  into  a  UtUe  porcelam  cup,  and  covered 
with  a  stnmg  solution  of  sal-ammoniac  (chloride  of  ammonium).  A  double 
decomposition  immediately- ensues:  the  chlorine  and  sodium  unite  to  form  com- 
mon salt,  while  the  mercury  at  the  same  time  commences  to  increase  in  bulk, 
and  ultimately  swells  up  until  it  acquires  eight  or  ten  times  its  original  vo' 
lume,  assuming  a  pasty  consistence,  without  losing  its  metallic  luster.  The 
new  substance,  exposed  to  a  temperature  of  0**  P.,  crystallizes  in  cubes,  but 
if  left  to  itself,  is  quickly  decomposed,  at  ordmary  temperatures,  into  fluid  mer- 
cury, ammonia,  and  hydrogen-  Now  it  is  evident  that  the  mercury  has  com- 
bined with  somethmg;  but  in  no  case  where  mercury  or  any  other  metal 


•  The  proportions  should  be  about  100  of  mercury  to  1  of  potassinm  or  sodium,  by 
▼eight 


QtJKSTiOKB.— What  is  said  of  lithium  f    What  of  ammonittm  f    Hov  may  the  apparent 
production  of  this  substance  be  illustrated  f 
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oombioes  with  a  non-metallic  substance,  is  there  ever  a  retention  of  metallic 
properties  after  combination,  as  in  this  instance ;  therefore,  the  inference  ia, 
that  the  substance  which  has  entered  into  combination  with  the  mercuiy  is  a 
metal — aomionium. 

The  fact  that  a  compound  body — cyanogen — ^is  generated  from  carbon  and 
nitrogen,  which  comports  itself  in  eyerp-  respect  like  the  non-metallic  element 
chlorine^  remores  every  difficulty  in  the  way  of  our  conceiving  that  a  com- 
pound may  also  be  formed  from  nitrogen  and  hydrogen,  which  may  have  the 
properties  of  a  metal 

According  to  the  ammonium  theory,  all  the  salts  of  ammonia  are  derived 
from  this  radical,  and  correspond  in  constitution  to  the  salts  of  the  simple 
metals. 

520.  Chloride  of  Ammonium,  NH4  C\.^ Sal- Ammoniac —Thw 
substance,  which  is  a  compound  of  ammonium  and  chlorine,  is  the  most  im- 
portant of  all  the  salts  of  ammonimn,  and  occurs  naturally  as  a  volcanic  pro- 
duct. It  was  formerly  imported  from  Eg3rpt,  as  a  product  of  distillation  from 
dried  camcPs  dung,  and  fieom  its  having  been  originally  procured  from  a  dis- 
trict in  Northern  Africa,  near  Ihe  temple  of  Jupiter  Ammon,  the  name  am- 
monia originated.  It  is  now,  however,  manufactured  in  large  quantities^  from 
the  ammpniacal  liquors  formed  in  the  manufacture  of  coal-gas,  and  from  the 
condensed  products  of  the  distillation  of  bones  and  other  animal  refrise,  in  the 
preparation  of  animal  chaitxMd.  These  are  first  treated  with  hydrochloric  acid, 
and  the  resulting  liquors  evaporated  to  dryness.  The  residue  is  then  subjected 
to  heat  in  iron  vessels,  when  the  chloride  of  ammonium  volatilizes  in  dense 
white  fhmes,  which  condense,  on  cooling,  into  white,  semi-transparent,  fibrous 
masses,  the  sal  ammoniac  of  commerce. 

Sal-ammoniac  has  a  sharp,  acrid  taste,  corrodes  metals  powerfully,  and  is 
readily  soluble  in  water.  It  does  not,  however,  possess  the  characteristic  odor 
of  ammonia.  It  constitutes  the  source  from  whence  most  of  the  salta  of  am- 
monia are  prepared. 

521.  Ammonia,  N  B4O — VoUUOe  AJkaU,  ^ar^Aom.— This  alkali  exists 
in  the  atmosphere,  in  the  juices  of  certain  plants,  in  clayey  and  peaty  soils, 
and  is  fi-eely  evolved,  in  combination,  from  the  craters  of  volcanoes. 

522.  Preparation . — Ammonia  can  not,  under  ordinary  circumstance^ 
be  formed  by  the  direct  union  of  its  elements.  A  series  of  electric  sparks^ 
however,  passed  through  a  mixture  of  hydrogen  and  nitrogen,  will,  after  a 
time,  generate  a  limited  quantity  of  it  The  production  of  ammonia^  on  the 
contrary,  by  the  indirect  combination  of  hydrogen  and  nitrogen,  is  a  circum- 
stance of  continual  occurrence.  It  especially  takes  place  during  the  spon- 
taneous decomposition  of  animal  and  vegetable  substances  which  contain 
hydrogen  and  nitrogen,  and  in  almost  every  process  of  oxydation  in  the 

QuEBTiOMt. — Have  we  any  reaflon  to  doobt  tho  po«db!Iify  of  the  ezistenee  of  a  eom- 
pound  metal  ?  What  is  aal-ainmoniao?  What  is  said  of  its  natural  occorrence  ?  What 
Df  its  manofaekare  f  What  U  said  of  tha  natural  ooourranee  of  ammonia  f  What  of  iu 
production  ? 
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presence  of  moistare ;  in  the  latter  case,  tha  hydrogen,  at  the  moment  of 
Lberalion  (in  a  naaoonl  state)  fW)m  the  water  by  deoxydation,  enters  into 
combinatioa  with  the  nitn^n  of  the  atmosphere. 

623.  Ammonia  is  naually  obtained  by  subjecting  a  mixtnre  of  qnick-Ume 
and  sal-ammDliiac  to  a  gentle  heat  in  a  Bask  or  retort ;— the  lime  decom- 
poses tte  chloride  of  ammoniam,  fomiing  chloride  of  calcium,  and  liberating  ■ 
free  ammouia,  which  latter  escapes  aa  a  colorless,  transparent  gas.    The  sama 
mixture  slowly  evolres  ammo-  _      , «. 

_.       ^        ,.  ^  rlO.  180. 

niB  at  ordmary   temperatures, 

and  is  sometimes  used  fbr  the 
flIiiDg  of  smelliDg-boWea.  For 
experimental  purposes,  aoimo- 
Biacal  gas  is  beet  prepared  by 
heatjng  a  strong  solution  of 
iimmonia  in  a  glass  retort,  and 
collecting  the  evolved  gesover 
mercury,  or  by  displacement, 
as  is  represented  in  Fig.  186. 
When  collected  by  displace- 
ment, the  gas  moat  be  allowed 
to  pass  into  the  bottle  until  a 
piece  of  reddened  lltmos  paper 
hold  to  the  mouth  is  imme- 
diately turned  blue.  The  tube  is  then  withdrawn,  and  the  st<^per,  sightly 
greased,  is  inserted. 

&24.  PrDpertle.1  ■ — Ammonia  thus  produced  is  a  gaa,  which  is  eaaly 
condensed  to  a  Bquid  by  a  reduction  of  temperature  ( — tO"  F.)  or  by  pres- 
sure. It  has  an  eitrejiely  pui^ent  smell,  and  InstaDtly  kills  an  animal  im- 
mersed in  it ;  but  when  largely  diluted  with  air,  it  is  an  agreeable  stimulant 
From  the  lact  that  ammonia  was  formerly  prepared  by  distilling  the  boma 
ofdeeiB  and  harts,  it  is  often  popularly  called  "  hartshorn." 

Ammonia  docs  not  support  the  flame  of  burning  bodies,  but  is  slightly 
combustible.  A  jet  of  gas  directed  across  the  stream  of  hot  ur  issuing  from 
a  lifted  Argand  lamp  bums  with  a  pale  green  flame.  It  acU  etroi^ly  as  an 
alkali,  turning  v^etablo-blues  green,  restoring  the  blue  cok>r  of  reddened 
UtmuB,  and  neutr^ing  the  moat  powerM  adds.  The  change,  however,  of 
Togctable  colors  produced  by  ammonia,  owing  to  its  great  volatility,  is  not 
permanent ;  but  the  vegetable  sabstancee  regain  their  cokm  after  a  time  by 
exposure  to  the  ur,  which  is  not  the  case  when  the  cbai^  is  elTected  by  tha 
flxed  alkalies.     Ammonia  is,  therefbre,  often  called  the  "  valalde  aScali." 

Any  TolatUe  or  gaseous  acid  brought  into  an  atmosphere  containing  am- 
monia, produces  a  white  cloud,  from  the  formation  of  a  solid  salt  This 
property  is  often  employed  to  detect  the  presence  of  ammonia  in  quantities 
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too  small  to  be  recognized  by  their  odor.    The  reaction  may  be  iUustrated  by 
FiQ  186.  bringing  a  rod  of  glass,  or  a  strip  of  wood  moist- 

ened with  dflnte  hydrochloric  acid,  near  to  a  ressel 
or  Bubetance  evolving  ammonia ;— chloride  of  am- 
monium being  formed.  (See  Fig.  186.) 

Water  dissolves  ammoniacal  gas  in  large  qnan- 
tities,  and  with  great  rapidity ; — water  at  50<>  F. 
absorbing  about  670  times  its  volume.  When  a 
piece  of  ice  is  introduced  into  a  jar  of  gas  standing 

over  mercury,  it  instantly  liquefies,  and  by  condensing  the  gas  forms  a 

vacuuDL    The  almost  instantaneous  absorption  of  this  gas  by  wat»  may  be  also 

illustrated  by  closely  fitting  a  perforated  ooris:  and  tube 

into  the  mouth  of  a  jar  containing  ammonia^  and'  in-  ^^»  l-^^* 

verting  the  jar  in  a  vessel  of  water.    (See  Fig.  18*7.) 

The  first  porticn;  of  water  that  enter  the  jar  absorb 

the  gas  so  rapidly,  that  a  vacuum  is  created,  and  a 

miniature  fountain  produced. 

525.  Solution  of  Ammonia. — ^The  aqueous 
solution  of  ammonia,  known  as  aqua  ammonia^  liquid 
ammonia,  etc.,  is  a  reagent  much  used  in  pharmacy 
and  chemistry.  It  is  a  colorless,  transparent  liquid,  and 
has  all  the  pungent  and  alkaline  properties  of  the  gas. 
When  applied  to  the  skin  in  a  concentrated  form,  it  blisters  it,  and  is  hence 
often  termed  caustic  ammonia.  Exposed  to  the  air,  ammonia  escapes  from 
it^  and  heat  disengages  it  abundantly. 

526.  There  are  several  carbonates  of  ammonia.  The  ordinary  sal-vdMik 
of  the  shops,  which  constitutes  the  basis  of  the  well-known  "  smelling-salts," 
is  a  sesqui  carbonate  of  ammonia,  2NH4O,  3G0i.  It  is  a  white  solid,  highly 
volatile,  and  when  exposed  to  the  air  absorbs  carbonic  acid,  and  becomes 
converted  into  an  inodorous  bi-carbonate.  This  salt  is  frequently  used  bj 
bakers  in  the  place  of  yeast,  for  raising  bread,  cake,  etc. — heat  converting  it 
into  gas,  which,  escaping  from  the  dough,  renders  it  light  and  porous. 

527.  flydrortulphuret  of  Ammonia ^  Sulphide  of  Am- 
monium) NH4,S-|-HS . — ^This  reagent,  which  is  extensively  employed 
in  chemical  analysis,  is  formed  by  transmitting  sulphuretted  hydrogen  through 
a  solution  of  ammonia  to  saturation.  The  solution  thus  prepared  should  be 
kept  cold  and  in  closed  glass  bottles. 

528.  General  Properties  of  the  Alkalies . — ^The  alkalies 
are  the  strongest  bases  known  in  chemistry.  They  are  all  soluble  in  water, 
have  alkaline  properties  in  the  most  marked  degree,  and  exert  a  caustic  and 
decomposing  action  upon  organic  substances. 

Most  of  the  salts  which  the  alkalies  form  with  acids  are  soluble  in  water. 

Ormnoivs. — ^What  is  said  of  the  absorption  of  ammonia  by  water  ?  How  may  this  be 
mastrated  f  What  is  aqna  ammonia  ?  What  are  its  proporttesf  What  is  said  of  esr- 
bonate  of  ammonia  Y  What  is  hydrosalphnret  of  ammonia  ?  What  are  the  general  prop- 
erties of  the  alkalies?    What  ia said  of  their  salts? 
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This  is  especially  tnie  of  their  carbonates,  which  also  exhibit  alkaline  prop- 
erties. Carbonic  acid  can  not  be  expelled  fix)m  the  alkaline  carbonates  by 
heating,  but  it  escapes  immediately  with  effervescence,  on  tlie  addition  of 
other  adds. 

With  the  &t8  and  fixed  oils,  the  alkalies  yield  soaps,  which  are  soluble  in 
water. 


CHAPTER   X. 

METALS    OF    THE     ALKALINE     EARTHS. 

529.  The  metals  belonging  to  this  class  are  Barium, 
Strontium,  Calcium,  and  Magnesium. 

Their  oxyds^  baryta,  strontia,  lime,  and  magnesia,  are  called  alkaline 
earths,  because  they  possess  an  earthy  appearance,  together  with  some  alka- 
line properties.  The  metals  of  the  alkaline  earths,  like  the  metals  of  the  al- 
kalies^ are  all  charactDrized  by  an  intense  affinity  for  oxygen,  and  their  isolar 
tion  in  a  pure  state  is  a  matter  of  great  difficulty. 

SECTION    I. 

BABIUM    AND    STBONTIUV. 

530.  Barinm. — Equivalent^  68*5;  Symbol^  Ba. — Barium 
is  a  white,  malleable  metal,  which  is  fusible  under  a  red 
heat.  It^  was  first  discovered  by  Davy,  and  was  named 
Barium  (fromjSapvf,  Aeavy)  in  allusion  to  the  great  density 
of  its  compounds. 

The  essential  features  of  the  method  at  present  adopted  for  obtaining  the 
metals  of  the  alkaline  earths,  is  to  subject  their  chlorides  to  heat  in  contact  with 
potassium,  or  sodium.  These  elements,  from  their  greater  affinity  for  chlorine, 
decompose  the  earthy  chlorides,  and  leave  their  metallic  bases  in  a  state  of 
greater  or  less  purity. 

Baryta  occurs  in  nature  chiefly  as  a  sulphate— ^mt^Aofe  of  baryiOf  heavy 
gpar — in  beautiful,  white,  tabular  crystals,  often  associated  with  copper  or 
lead  ores;  this  mineral,  when  ground  to  powder,  is  extensively  used  for 
the  adulteration  of  white  lead.  A  native  carbonate  is,  however,  the  source 
from  whence  most  of  the  other  preparations  of  baryta  are  obtained. 

The  Chloride  of  Barium,  BaCl,  is  the  most  common  soluble  salt  of  barium ; 

QuxsTiONB. — ^What  are  the  metals  of  the  alkaline  earths  ?  What  are  their  properties  ? 
'Wliat  their  oxyds  ?  What  is  said  of  barium  ?  By  what  process  are  the  metals  of  the 
alkaline  earths  obtained  f  What  is  said  of  the  natural  occurrence  of  baryta  f  What  are 
its  principal  salts  f 
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it  is  much  used  in  chemical  analysis  as  a  test  for  the  presence  of  salphiiriA 
acid  in  solution — which  unites  ¥rith  baryta  to  form  a  white^  insoluble  sul- 
phate. 

531.  Strontiom. — Equivalent,  AA  ;  symbol,  Sr. — Stron- 
tium is  a  white  metal,  greatly  resembling  barium. 

Its  oxyd,  strontia,  occurs  in  nature  as  a  carbonate  (the  mineral,  strarUianUe) 
and  more  abundantly  as  a  sulphate  {celestine).  The  most  remarkable  charac- 
teristic of  the  strontia  salts,  is  that  of  communicating  a  magnificent  crimson 
tint  to  the  flame  of  burning  substances.  The  red  fires  of  the  pyrotechnists 
ore  composed  of  nitrate  of  strontia,  chlorate  of  potash,  sulphur,  and  ^itimonj. 
This  reaction  may  be  illustrated  by  mflaming  a  little  alcohol,  iu  which  chlo- 
ride of  strontium  has  been  dissolved. 

SECTION   II. 

CALCIUM. 

JEqftivaleni,  20.     Syrnbolt  Ca. 

C32.  Calcium  is  a  light,  yellow  metal,  of  the  color  of 
gold  alloyed  with  silver.  It  is  very  malleable,  and  can  be 
hammered  into  leaves  as  thin  as  writing-i)aper.  It  melts 
at  a  red  heat,  and  oxydizes  in  the  air  at  ordinary  temper- 
atures. In  combination,  as  lime,  it  forms  one  of  the  most 
abundant  and  important  constituents  of  the  crust  of  the 
globe. 

533.  Lime,  G  a  0  • — Oryd  of  Calcium, — ^Lime  is  obtained  in  a  state  of 
purity  by  heating  pure  carbonate  of  lime  (calcareous  spar)  in  an  open  crucible, 
ibr  some  hours,  to  full  redness :  tlie  carbonic  acid  is  driven  off  by  the  heat, 
and  the  lime  remans.  For  commercial  purposes,  it  is  prepared  by  heating 
common  hmestone,  which  is  an  impure  carbonate  of  lime,  in  a  stone  kiln  or 
furnace,  the  interior  of  which  is  somewhat  in  the  form  of  a  hogshead,  and  )a 
filled  with  alternate  layers  of  limestone  and  fuel.  The  lime,  as  it  is  burned, 
gradually  sinks  down,  and  is  removed  by  openings  at  the  base  of  the  furnace, 
while  fresh  supplies  of  fuel  and  limestone  are  suppUed  at  the  top.  In  this 
way  the  furnace  may  be  kept  in  action  for  a  great  length  of  time  without  in- 
terruption. 

634.  Properties . — ^lime  as  thus  prepared  is  termed  "  quicklime,"  or 
caustic  lime,  and  in  a  state  of  purity  has  resisted  all  attempts  to  fuse  it. 
When  water  is  poured  upon  quicklime,  it  swells  up,  and  enters  into  combma- 
tion  with  the  water,  forming  hydrate  of  lime,  or  slacked  lime.  If  the  propor- 
tion of  water  is  about  half  the  weight  of  the  limC  employed,  a  light,  dry  pow- 

Qttkbtionb.— What  Is  said  of  strontinm  ?    What  is  a  characteristic  of  Its  salts?    What 
is  caldam  f    How  is  lime  prepared  f    What  is  quicklime  ?    What  is  slacked  lime  f 
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der  is  fbrmed,  acoompanied  with  a  powerM  evolution  of  lioat'^^-^ufficieQt  to 
occasion  the  ignition  of  wood.  The  hydrate^which  is  thus  fbrmed  is  a  definite 
compound  of  1  equivalent  of  lime  with  1  equivalent  of  water.  Lime,  also, 
when  exposed  to  the  air,  slowly  attracts  both  water  and  carbonic  acid,  and 
crumbles  to  white  powder — "air-slacked  lime." 

Lime  is  soluble  in  about  700  parts  of  water,  forming  what  is  called  "lime- 
water."  It  is  more  soluble  in  cold  than  in  hot  water,  the  latter  dissolving 
only  half  as  much  as  the  former.  Lime-water  is  characterized  ^y  a  nauseous 
taste,  and  decided  alkaline  propertiea  It  restores  the  blue  of  reddened  lit- 
mus, and  changes  the  blue  infusion  of  cabbage  to  green.  Exposed  to  the  air, 
it  gradually  absorbs  carbonic  acid ;  a  pellicle  of  carbonate  of  lime  formd  upon 
its  surface,  which,  if  broken,  is  succeeded  by  another  pellicle,  until  the  wholo 
of  the  Ume  is  separated  from  the  solution,  in  the  form  of  an  Insoluble  car- 
bonate. 

Lime  diflfused  through  water  forms  milk  or  cream  of  Ume. 

Quicklime  exerts  a  corrosive  and  destructive  ac^on  upon  the  skin,  nails, 
and  hair,  and  upon  some  vegetable  substances.  Advantage  is  taken  of  this 
property  to  remove  the  hair  from  hides,  preparatory  to  tanning,  by  immersing 
them  in  milk  of  lime.^ 

Lime  is  also  largely  employed  as  a  manure,  and  is  particularly  valuablo 
upon  very  rich  vegetable  soils,  such  as  those  formed  from  reclaimed  peat-bogs ; 
Its  effects  in  these  cases  aie  due  to  the  decomposition  of  the  organic  matter, 
whkdi  it  renders  soluble  and  capable  of  assimilation,  by  plants.  Lime  formed 
torn  limestone,  which  contains  much  magnesia,  is  unsuited  for  agricultural 
purposes.  Lime  should  not  be  mixed  with  manures  in  the  state  of  decom- 
position, since  it  liberates  the  ammonia  contained  in  them,  and  impairs  their 
value  as  fertilizers. 

635.  Mortars  and  Cements  .^The  most  important  practical  appli- 
cation of  lime  is  for  the  manufacture  of  mortars  and  oements.  Pure  limo, 
when  made  into  a  paiste  with  water,  forms  a  somewhat  plastic  mass,  which 
sets  into  a  solid  as  it  dries,  but  gradually  cracks  and  falls  to  pieces.  It  docs 
not  possess  sufficient  cohesion  to  be  used  alone  as  mortar.  To  remedy  this 
defect^  and  to  jw^vent  the  shrinkage  of  the  mass,  the  addition  of  sand  is  found 
to  be  necessary. 

The  proportions  of  lime  and  sand  in  good  mortar,  vary ;  the  amount  of 

*  According  to  Dr.  John  Davy,  of  England,  the  opinion  popnlarly  entertained,  that 
quicklime  ezercisea  a  oorr  xling  and  deatractire  influence  upon  animal  and  regetable  mat- 
ter in  general,  and  that  ammal  bodies  exposed  to  its  action  rapidly  decompose  and  decay, 
is  wholly  erroneous.  The  results  of  numerous  experiments  made  by  him,  seem  to  show, 
that  vith  the  exception  ok  the  cuticle,  nails,  and  hair,  lime  exerts  no  destructive  action 
on  animal  tissues,  but  that  its  influence  is  antiseptic.  In  the  case  of  vegetable  substances, 
slso,  the  action  was  similar,  and  instead  of  promoting,  it  arrested  fermentation. 

QunTiOK.— When  is  lime  said  to  be  air-slacked  f  What  is  said  of  the  solubOity  of 
Ume  ?  What  are  the  properties  of  lim'^-water  ?  What  is  cream  of  lime  ?  What  is  said 
ofthecaustloaotionoflime?  What  of  ito  uses  in  agriculture  ?  What  is  mortar  ?  What 
is  the  nooessity  of  sand  in  -nortar  ? 

15* 
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sand,  however,  Always  exceeding  that  of  lime,  and  generally  in  the  proportion 
of  4-  to  1.  The  more  sand  that  c^u  be  incorporated  with  the  lime  the  better, 
provided  the  necessary  degree  of  plasticity  ia  preserved.  That  sand  is  most 
suitable  for  mortar  which  is  wholly  silicioua,  and  whoso  particles  are  sharp,  or 
not  rounded  by  attrition. 

The  cause  of  the  hardening  of  mortar  is  not  thoroughly  understood ;  the 
explanation  generally  g^ven  is,  that  the  water  gradually  evaporates,  and  tho 
lime,  by  a  sort  of  crystallization,  adheres  to  the  particles  of  sand,  and  unites 
them  together.  A  portion  of  the  lime,  also,  by  absorption  of  carbonic  add 
ih>m  the  air,  is  gradually  converted  into  carbonate  of  lime.  In  the  course  of 
time,  also,  a  chemical  combination  takes  place  between  the  silica  of  the  sand 
and  the  lime,  forming  a  compound  of  silicate  and  hydrate  of  lime,  which  pos- 
sesses great  hardness.  This  reaction  ^explains  the  remarkable  hardness  often 
observed  in  the  mortar  of  old  buUdings. 

It  is  an  advantage  to  moisten  bricks  and  stones  before  applying  mortar  to 
them,  in  order  that  they  may  not  absorb  water  from  the  mortar,  and  thus 
cause  it  to  set  too  rapidly.  The  completeness  of  the  hardening  of  mortar,  de- 
pends upon  a  thorough  uitermixture  of  the  lime  and  the  sand. 

636.  Hydraulic  Cements  • — Ordinary  mortar,  when  placed  in  water, 
gradually  softens  and  disintegrates^  while  the  lime  dissolves  away ;  it  can  not, 
therefore,  be  used  for  subaqueous  constructions.  Some  limestones,  however, 
which  contain  about  20  per  cent  of  clay  (silicate  of  alumina),  afibrd  lime 
which  possesses  the  property  of  hardening  under  water.  Such  limes  are 
known  as  hydraulic  limes,  or  cements,  and  may  be  artificially  imitated  by  mix- 
ing with  ordinary  lime  a  due  proportion  of  clay  not  too  strongly  burnt.* 

Concrete  is  a  mixture  of  hydraulic  lime  with  small  pebbles^  coarsely 
broken. 

537.  Carbonate  of  Lime,  CaO)CO«. — ^This  substance  is  one  of 
the  most  abundantly  diSVised  compounds  in  nature.  In  its  amorphous  condi- 
tion it  forms  the  different  varieties  of  limestone,  chalk,  and  calcareous  marl; 
it  is  also  the  principal  constituent  of  corals  and  shells^  and  enters,  to  some  ex- 
tent, into  the  composition  of  the  bones  of  animals. 

The  term  limestone  is  applied  to  those  stones  which  contain  at  least  half 
their  weight  of  carbonate  of  lime ;  and  according  to  the  other  prevailing  in- 
gredients, a  limestone  may  be  argillaceous  (clayey),  magnesian,  fermginoaa 
(containing  iron),  bituminous,  foetid,  etc  ^ 

*  The  rapidity  with  irhich  different  kinds  of  hydraulic  limefl  eet,  varies  with  their  com- 
position.  If  the  clay  do  not  exceed  10  per  cent  of  the  mass,  the  mortar  requires  ssTeral 
weeks  to  harden.  If  the  day  amount  from  15  to  25  per  cent,  it  sets  in  two  or  three  days; 
and  if  from  25  to  36  per  cent  of  clay  he  present,  it  sets  in  a  few  hours.  The  substance  to 
which  the  term  Roman  eemeTtt  is  applied,  is  a  lime  of  this  latter  composition.  .  In  order 
that  hydranlic  lime  should  properly  harden,  it  should  not  be  submerged  until  it  begins  to 
set — MnxEB. 

Questions. — What  is  the  cause  of  the  hardening  of  mortar  f  What  adyantage  is  it  to 
moisten  bricks,  etc,  before  applying  mortar  ?  What  are  hydraulic  cements  f  What  is 
Koman  cement  t  What  is  concrete?  What  is  said  of  the  dlstiibutimi  af  earbonats4)f 
lime  f    What  is  a  limestone  ? 
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Tho  terra  marblo  is  applied  to  those  varieties  of  compact  limestone  which 
are  capable  of  being  worked  in  all  directions,  and  also  of  taking  a  good  polish. 

Carbonate  of  lime  is  found  in  a  greater  variety  of  Yiq.  181. 

crystalline  forms  than  any  other  known  substance. 
Its  primary  form  is  a  rhombohedron,  as  seen  in  double 
refracting,  or  Iceland  spar  (see  Fig.  181) ;  but  of  this 
figure  over  650  modifications  are  known  to  mineral- 
ogists. Carbonate  of  lime  also  crystallizes  in  another 
primary  form,  that  of  six-sided  prisms,  as  in  the  min- 
eral aragonite. 

538.  Carbonate  of  lime  dissolves  in  pure  water  to  the  extent  of  about  two 
grains  to  the  gallon,  but  in  water  charged  with  carbonic  acid  it  is  taken  up 
freely,  and  again  deposited  as  the  gas  escapes— often  in  anhydrous  crystals. 
It  is  in  this  way  that  the  enormous  rock  masses  of  crystalline  carbonate  of 
lime  are  supposed  to  have  been  formed.  This  action,  which  has  been  before 
alluded  to,  (§  434),  is  beautifully  illustrated  in  the  formation  of  stalactites 
and  stalagmites  in  caverns.  "Water  charged  with  carbonic  acid  and  car- 
bonate of  lime,  Mia  in  drops  from  the  roof  of  the  cavern ;  but  each  drop 
before  falling  remains  suspended  for  a  time,  during  wkich  a  part  of  the  car- 
bonic acid  escapes,  and  a  minute  portion  of  carbonate  of  lime  is  left  behind. 
It  also  deposits  another  mixuite  portion  of  calcareous  matter  on  the  spot 
upon  which  it  falls,  and  as  the  drops  are  formed  nearly  on  the  same  spot  for 
years  together,  a  dependent  mass  like  an  icicle  is  formed  from  the  roof— tho 
stalactite ;  while  another  incrustation  gradually  rises  up  from  the  floor  beneath 
it — ^the  stalagmite.  In  the  process  of  time  the  two  may  meet  and  form  a 
continuous  column.     (See  Fig.  188.) 

539.  Building  Materials  . — Carbonate  of  lime  is  a  material  much 
used  in  architecture  and  building,  but  all  its  varieties  are  not  equally  valuable 
far  this  purpose.  Those  varieties  of  marble  which  exhibit  large  crystals,  or 
contain  disseminated  throughout  their  mass  crystals  of  sulphuret  of  iron,  have 
comparatively  Uttle  strength,  and  are  liable  to  disintegration.  The  stone  of 
which  the  Washington  Monument  at  Washington  is  constructed,  is  an  ex- 
ample. On  the  other  hand,  very  fine-grained  porous  limestones,  and  also 
those  varieties  of  porous  sandstones  which  are  termed  free-stones,  are  ill- 
adapted  for  the  external  portions  of  buildmgs,  since  they  are  liable  to  split 
into  flakes  after  a  few  years^  exposure  to  the  weather.  This  generally  arises 
from  the  absorption  of  water,  and  its  expansion  by  freezing  in  the  interior 
of  the.  stone  during  winter.  A  simple  and  ingenious  method  of  ascertaining 
whether  a  stone  is  liable  to  this  defect,  is  to  thoroughly  soak  a  smoothly-cut 
block,  one  or  two  inches  on  a  side,  in  a  solution  of  sulphate  of  spda.  On 
subsequently  drying  the  block  in  the  air,  the  sulphate  of  soda  crystallizes  in 

QuBSTiOKB. — ^What  is  marble  ?  What  is  said  of  ciystalli2ed  carbonate  of  lime  ?  What 
is  the  oapposed  origin  of  crystallized  carbonate  of  lime  ?  What  are  stalactites  and  stalag- 
ndtefl  ?  Explain  their  formation  ?  What  is  said  of  the  adaptability  of  carbonate  of  lime 
to  building  purposes?  Why  are  porous  stones  liable  to  disintegrate?  How  may  the 
durability  of  a  stone  be  tested  ? 
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Ih«  pores  of  ihe  materlil,  and  tends  to  split  off  IVagiaents  from  its  surflice. 
The  redatanco  which  tho  atODO  oppoaoa  10  this  actioa  aflbnis  a  balds  br  m 
llznating  its  dumbilitj.* 

Fia.  138. 


MO.  Snrphale  of  Lime,  CiO,S(i,.  — Gypsum. —Thia  bit,  u 
commonlj  mot  withj  is  a  hydnit©— CaO,  S0ii+2H0--and  occurs  abundanJj 
iu  nature  In  Iranaparent  plalea  it  ia  tenned  "  selonitp,"  but  in  a  fibiOT", 
granular,  compact,  or  earthy  form  it  constitutes  the  dirTerent  Tarietiea  of  gjp- 
Bom  and  alabaster.  When  gronad  to  a  flno  powder,  it  ia  Imown  in  tbs 
arts  as  "  Plaster  of  Paris,"  from  the  droumstaDce  of  tho  mineral  being  ci- 
tenaival)'  found  ia  tho  vidiiity  of  the  French  capital 

Qj^um  is  extensively  used  in  agriculture  as  a  monnre ;  but  ib<  most  le- 
markable  property,  and  tlio  one  for  which  it  is  tho  mo^  valued,  is  tho  power 


•  In  lelectlng  ■  Hotis  for  >rchll«tiirKl  purpoMB.  .re  in»7  be  rtle  lo  form  a  toj  pBa 
opinion  oflti  dnrittlttf  diid  permmBnce,  bj  TWlinB  tbeloeiiltty  from  whonee  ItwM  ob- 
iUiiod,  mid  oburrlog  the  candiUon  at  am  natarmi  nirricei  eipoaed  M  the  vHlber.  For 
cimnple,  If  tha  rock  be  >  gniiiu,  and  It  be  Terjr  oneTsn  and  raugli.it  niaf-be  Inferred  that 
Itlliwtrerj  donMo;  that  tfas  foldapar,  wbiih  formi  oikeof  ltii<»mpoiHnlparti.tin»n 
reidiljF  decompond  bj  lb«  ulloii  of  laolitura  ud  fna  tban  the  qurti,  anolber  Ingn- 

•eM  an  Iroo-brown.  or  ruaty  siqMinnoE.  II  may  be  regarded  a*  hlgbly  pcrlabable.  o*ln( 
to  the  attnclloa  wlilch  Ibli  meul  bat  for  oxygeo — csDiiiig  tbe  rock  to  tacreaAO  ia  balk, 
and  n  dislntegrabe. 

The  fbUorlns  la  tba  eompararJrv  tlrength  oT  aome  of  onr  beat-knovn  budding  nuterlali 
1 1  roittidg  a  cmibing  force.    Tbe  beat  farletlea  of  Qnincr  gisnlte  (rienlK)  irtll  auataJTi  a 

klea.  from  T.OOO  to  lO.OM:  Ibe  poorer  varletiei  of  xandaUine.  like  that  eompodnE  the 
body  of  the  apltol  at  Waablnglon.  6,000. 

QumioHa.— What  la  tlu,.jHialUuUoaor  gypiuml    Under  what  namaa  li  II  knornl 
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it  pofiseases,  after  it  has  been  deprived  of  water  by  a  heat  not  exceeding 
300^  F.,  of  again  combining  with  water  and  forming  a  hard,  compact  mr.B.<<. 
When  the  dried  powder,  known  as  "  boiled  plaster,''  is  made  into  a  thin  paste 
with  water,  the  mixture  becomes  solid  in  a  few  minutes ;  a  chemical  combi- 
nation  being  formed  of  2  equivalents  of  water  and  1  of  sulphate  of  lime, 
which  eventually-  becomes  as  hard  as  the  original  gypsum.  This  power  of 
resolidifjring  renders  gypsum  applicable  for  taking  copies  of  objects  of  every 
description,  and  for  the  construction  of  molds  and  models. 

If  the  powdered  gypsum  is  subjected  to  a  heat  much  exceeding  300^  F.  it 
loses  its  property  of  solidifying  when  mixed  with  water.  By  mixing  gypsum 
with  1  or  2  per  cent,  of  alum,  sulphate  of  potash,  or  borax,  it  forms,  when 
mixed  with  water,  a  material  much  harder  than  ordinary  plaster,  and  capable 
of  taking  a  high  polish.  Artificial  colored  marbles,  called  "  ScagliolOj^^  are 
formed  of  gypsum,  alum,  isinglass,  and  coloring  materials,  incorporated  into 
a  paste.  Stucco  is  a  combination  of  Plaster  of  Paris  with  a  solution  of  gela- 
tine, or  strong  glue. 

541.  HypoKnlphite  of  Lime,  CaO,  Ms  is  an  abundant  con- 
stituent of  the  reflise  lime  of  gas-works,  and  by  exposure  to  the  air  gradu- 
ally passes  into 'sulphate  of  lime  (gypsum).  Gas-lime  has  been  used  for 
agricultural  purposes,  but  it  probably  possesses  little  or  no  value  as  a  fertil- 
izer. It  has,  however,  been  recommended  for  mossy  land  and  for  composts. 
All  the  hyposulphites  act  as  depilatories,  or  hair-removers,  and  many  of  the 
depilatory  powders  sold  by  druggists  are  compounds  of  this  character. 

542.  Chloride  of  Calcium,  GaGl,  is  formed  by  dissolvmg  car- 
bonate of  lime  in  hydrochloric  acid.  The  saturated  solution  evaporated  to 
dryness,  and  the  residue  fhsed,  yields  a  white  crystalline  solid,  which  pos- 
sesses so  great  an  attraction  for  moisture,  that  it  is  used  for  drying  gases,  and 
fi^r  depriving  alcohol,  ether,  and  other  liquids,  of  water,  by  distilling  them  in 
contact  with  it  When  mixed  with  snow  or  ice,  it  forms  a  powerful  freezing 
mixt\ire. 

SECTION    III. 

MAGNESIUM. 

Equivakntf  12. — Symbol,  Mg. 

543.  Magnesium  is  a  malleable  metal  of  the  color  of  silver,  and  in  combin- 
ation, is  an  abundant  constituent  of  the  crust  of  the  earth.  Associated  with 
lime,  as  a  double  carbonate  of  lime  and  magnesia  (oxyd  of  magnesium),  it 
forms  magnesian  limestone,  or  dolomite.  United  with  silica,  as  a  silicate  of 
magnesia,  it  enters  more  or  less  extensively  into  the  formation  of  many  rocks, 
and  a  great  variety  of  minerals — such  as  soapstone  or  steatite,  serpentnie,  talc. 


Questions.— What  are  Its  propertied  t  How  may  plaster  of  Paris  be  hardened  ?  What 
is  scagliola?  What  is  stncco  t  What  is  said  of  hjrposulphite  of  lime  ?  What  of  the  ag- 
ricnltnral  value  of  gas-lime?  What  peealiar  property  do  all  the  hyposulphites  possess  ? 
What  is  said  of  chloride  of  calcium  f  What  is  said  of  magnesium  and  its  distribution  ? 
What  is  dolomite  ?    Of  what  minerals  is  magnesia  a  principal  oonstitaent  ? 
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meerachaum,  etc. — all  of  which  are  nearly  pure  silicates  of  magnesia.  The 
presence  of  oxyd  of  magnesium  in  rocks  or  minerals  in  considerable  quantity, 
may  be  recognized  by  a  peculiar  slippery  or  greasy  feeling  which  it  imparts 
to  them — Whence  the  name  ^'soapstone."  Magnesium,  also,  exists  abundantly 
in  all  sea-water,  in  combination  with  chlorine,  iodine,  and  bromine. 

544.  Oxyd  of  Magnesium)  MgOi  —  Oaidned  Magneaia. — ThUi 
substance,  forming  a  white,  very  light,  bulky  powder,  is  lefb  when  carboaatB 
of  magnesia  is  heated  to  redness.  It  is  much  used  in  medicine  as  a  mild  and 
gentle  aperient 

645.  Sulphate  of  Magnesia)  MgOjSOs,  constitutes  the  well- 
known  purgative  medicine^  Epsom  SaUs.  It  is  manufactured  largely  from 
the  bittern,  or  mother-liquor  left  after  the  partial  evaporation  of  sea-water,* 
by  the  addition  of  sulphuric  acid  to  the  solution  of  chlorides,  and  also  by  treat- 
ing serpentine  rock  with  sulphuric  add.  It  possesses  a  bitter,  disgusting 
taste,  and  readily  ciystallizes  from  solution  in  small  prismatic  crystals. 

546.  Carbonate  of  Magnesia,  MgO,C 0, — ^The  common,  white 
magnesia  of  the  shops  is  formed  by  precipitating  a  solution  of  sulphate  of  mag- 
nesia by  a  solution  of  carix>nate  of  soda.  It  is  insoluble  in  water,  but*a  solu- 
tion of  carbonic  acid  dissolves  it,  and  forms  the  popular  medicine  known  as 
Murray's  "  fluid  magesiaw"    Carbonate  of  magnesia  also  occurs  as  a  mineral. 

547.  Properties  of  the  Alkaline  Earths.  —  The  alkaline 
earths  are,  next  to  the  alkalies,  the  strongest  chemical  bases.  They  have  a 
caustic  action,  but  for  less  so  than  the  alkalies,  and  form  with  fots,  soaps 
which  are  insoluble  in*water.  The  carbonates  of  the  alkaline  earths  are  in- 
soluble in  water,  and  when  exposed  to  a  powerful  heat,  part  with  their  car- 
bonic acid — in  this  respect,  being  the  opposite  to  the  carbonates  of  the 


CHAPTER    XI. 

METALS     OF     THE     EABTHS. 

648.  The  metals  of  the  earths  are,  Aluminum,  Glucin- 
ii^m,  Zirconium,  Thorium,  Yttrium,  Erbium,  Terbium, 
Cerium,  Lantanium,  and  Didymium. 

Of  these,  all  but  the  first)  aluminum,  are  extremely  rare,  and  comparatively 
unimportant.  Glucinium  is  the  metallic  base  of  the  earth  gludna,  which  ifi 
the  characteristic  constituent  of  the  emerald  and  the  beryL  Zirconium  is  tho 
metallic  base  of  the  earth  zirconia^  which  is  found  in  the  gems,  zircon  and 
hyacinth.     The  others  possess  few  points  of  general  interest. 

Questions. — ^What  is  a  characteristic  of  magnesian  minerals?  What  is  calcined  magne- 
sia? What  are  Epsom  salts?  How  are  thejr  obtained?  What  is  said  of  carbonate  of 
magnesia  ?  What  are  the  characteristic  properties  of  the  alkaline  earths  ?  What  are  th« 
metals  of  the  earth  ?    What  is  said  of  their  ocourrenee  in  natare  ? 
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SECTION    I. 

ALUMIKUH. 

Equivalent^  13*7.     Symbol^  Al     Specific  gravity^  2'5. 

549.  The  metal  aluminum  was  first  obtained  by  W5hler,  an  eminent  Ger- 
man chemist,  in  1827.  Comparatively  little,  however,  was  known  of  it  until 
within  the  last  few  years,  but  processes  have  been  recently  devised  by  its  dis- 
coverer and  M.  Devill^  of  Paris,  by  which  it  is  obtained,  in  considerable  quan- 
tities, at  a  cost  which  (at  present)  renders  it  about  twice  as  valuable  as  silver. 

Pure  aluminum  is  a  beautiful,  white  metal,  closely  resembling  silver  in  color 
.and  hardness.  Its  most  striking  characteristics  are,  that^  while  it  closely  re- 
sembles in  appearance  the  dense,  heavy  metals,  it  is  in  fact  lighter  than  glass; 
and,  also,  its  power  of  resisting  oxydation — ^not  tarnishing  by  exposure  to  air 
or  moisture,  or  even  when  heated  to  a  red-heat.  It  fuses  at  a  temperature 
below  the  melting  point  of  silver,  is  malleable,  ductile,  and  remarkably  son- 
on)us.  Nitric  and  sulphuric  acids,  even  when  concentrated,  scarcely  attack  it 
at  ordinary  temperatures;  but  it  dissolves  freely  in  hydrochloric  acid,  and 
even  in  strong  vinegar  (acetic  add).  Aluminum  derives  its  name  from  cUumf 
into  the  composition  of  which  it  enters. 

Thq^ properties  of  aluminum  are  such  as  to  give  it  a  high  industrial  value; 
and  it  has  been  applied  to  some  extent  for  economic  purposes. 

650.  Oxyd  of  Aluminum)  Alumina,  AI^Os. — This  is  the  only 
known  oxyd  of  aluminum  (a  sesquioxyd).  It  occurs  in  a  state  of  purity, 
with  the  exception  of  a  little  coloring  matter,  in  the  sapphire  and  the  ruby ; 
the  first  of  which  is  blue,  and  the  latter  red.  These  gems  are  only  inferior  in 
hardness,  luster,  and  value,  to  the  diamond.  Emery  (corundum),  which,  from 
its  hardness,  is  so  largely  used  in  grinding  and  polishing,  is  also  nearly  pure 
alumina.  Next  to  silica^  alumina^  in  combination,  is  the  most  abundant  min- 
eral constituent  of  the  crust  of  the  earth. 

By  mixing  a  solution  of  alum  with  an  excess  of  ammonia^  we  obtain  a 
white,  semi-transparent,  bulky  precipitate— rhydrate  of  alumina^  AUOs-f-SHO. 
This,  washed,  dried,  and  strongly  ignited,  furnishes  a  pure  alumina^  in .  the 
form  of  a  white  powder,  almost  insoluble  in  acids,  and  infusible,  except  be- 
fore the  oxyhydrogen  blow-pipe. 

551.  Alum  • — Common  alum  is  a  combination  of  the  sulphate  of  alumina 
and  the  sulphate  of  potash,  with  24  equivalents  of  water.  Tlie  constitution 
of  this  double  salt  may  be  represented  as  follows :  Al^Og,  3S0s+^0,SQs-i~ 
24HO.  When  alum  is  heated,  it  froths  uip,  loses  its  water  of  crystallization, 
and  is  converted  into  a  white,  porous  mass,  many  times  the  volume  of  the 
salt  employed ;  in  this  condition  it  is  known  as  anhydrous,  or  burnt  alum. 

Alum  is  occasionally  found  as  a  natural  product  in  the  earth,  but  fbr  indus- 

QuxBTiONS. — What  is  said  of  alnminum  f  What  are  its  propertiefl  ?  What  is  the  form- 
ula of  alumina?  In  what  substances  is  it  foand  pure?  What  is  said  of  hTdroas  and 
anhydrous  alumina ?    What  is  alum?    Give  its  formula?    What  Is  burnt  alum  ? 
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trial  pnipoees  it  is  maaufactar«d  artittHallj'.  The  sulphate  of  alumina,  whidi 
BDtars  ialo  its  compoaitioo,  maj  be  obbuaed  bj  didsalviiig  alumina  from  com- 
mon clay  bf  Htilphuric  aad,  or  by  ezpoaiDg  certain  alumioous  (clayey)  elatea 
aod  ahaloa,  wiiich  cuntaia  sulpliuret  of  iron  (iron  pyrilea),  to  ttie  action  oTtbo 
■ir,  or  to  a  moderate  heat ;  under  tlieee  circumstaocea,  the  sulphuret  of  iron 
ia  decomposed,  ita  Bulf^ur  uoiting  with  oxy^n  to  fbna  sulphuric  acid,  which, 
lubsequeutly,  combinea  with  the  alumina  of  the  clay  to  form  sulphate  of  al- 
umlna.  This  salt,  obtaiued  in  BolutiOQ  lk>m  the  clay  by  washing,  ia  mixed  in 
l:irge  casks  with  snlphote  of  potash,  in  proper  proportion^  and  the  whole  al- 
lowed to  stand.  The  formation  of  alum  immediately  commences,  and  after 
the  lapse  of  a  few  woeks,  the  interior  of  the  cask  l>eoomes  lined  with  a  thick 
mass  of  crystals.  The  staves  oftho  cask  are  tlien  removed,  and  an  enormous 
mass  of  alum  crystals,  of  the  sliape  of  tho  cask,  is  led  standing.  (Sea  li^ 
189.)    These,  when  draiuod  and  broken  up,  furnish  alum  ready  lor  market. 

no.  189. 


Ordinary  alnm  has  a  sweetish,  astringent  taste,  and  cryslallizeA  reiy  nad- 
Hy  [n  regular  octohedrons, 

652.  The  constitution  and  formation  of  alum  affords  a  good  illustration  <lt 
the  principle  of  isomorphism.  For  example,  we  may  substitute  in  ita  manu- 
lacture  in  the  place  of  sulphate  of  potash,  sulphate  of  soda,  or  sulphate  of  am- 
monia, and  thus  obtain  soda,  or  ammonia  alums,  which  crystallize .  in  the 
same  ft>rm  as  the  potadi  alum,  and  possess  ^milar  propcnica ;  or  we  may 

QoimiONa.— How  laHtam  m&nufBCtnrcd'    What  mr«  tu  properdoaf    How  doAi  U» 
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substitute  in  the  place  of  the  sesqui-oxyd  of  alumina  AljOs,  sesquioxyds  of 
iron,  chromium,  or  manganese,  without  changing  the  original  octohedral, 
crystalline  form.  These  substitutions  will  be  more  clearly  understood  from  an 
examination  of  the  annexed  table : 

Potash  alum AI4O8,  SSOs+KO,  SOS+24HO 

Soda  alum AI9O3,  SSOs+NaO,  80s+24HO 

AmmonU  alam. AlsOs,  88OS+NH4  O,  80t+24HO 

Iron  alum. FetOs,  8SOs+KO,  803+24HO 

Chrome  alam CrsOj,  SSOs+KO,  S08+24HO 

AH  these  compounds  are  called  alums,  and  are  said  to  be  isomorphous,-  be- 
cause they  possess  a  similar  chemical  constitution,  and  the  same  crystalline 
form.  They  may  be  easily  prepared  by  dissolving  together  in  water  their 
simple  constituent  salts  in  proper  proportions,  and  allowing  the  solution  to 
ciystallize.  Potash,  soda,  and  ammonia  alums  are  white,  chrome  alum  a  deep 
purple,  and  iron  alum  a  pale  purple,  or  red. 

Alum,  and  the  compounds  of  alumina  formed  ftom  it,  are  lai^ly  used  in 
dyeing,  calico  printing,  and  in  tanning.  Alumina  has  a  very  great  attraction 
for  certain  kinds  of  organic  matter,  and  especially  for  coloring  substances. 
To  such  an  extent  is  this  the  case,  that  the  hydrate  of  alumina  is  extensively 
employed  in  the  place  of  animal  charcoal  for  decolorizing  animal  and  vege- 
table solutions.  If  cloth  is  soaked  in  a  solution  of  alumina,  prepared  from 
alum,  a  portion  of  the  earth  attaches  itself  to  the  fibers ;  ani  if  subsequently 
plunged  into  a  bath  of  coloring  matter,  it  becomes  permanently  dyed.  Most 
coloring  substances,  without  this  treatment,  would  be  removed  by  washing ; 
but  the  presence  of  alumina  seems  to  serve  as  a  bond  of  union  between  the 
color  and  the  fiber,  which  renders  the-adhesion  of  the  dye  permanent;  a  few 
other  substances,  such  as  binoxyd  of  tin,  and  the  sesquioxyds  of  chromium 
and  iron,  act  in  the  same  manner,  and  are  called  mordants  (fbom  the  Latin 
mordeOf  to  bite  in). 

When  alum  is  added  to  a  colored  vegetable  or  animal  solution,  and  the 
alumina  precipitated  by  the  addition  of  an  alkali,  it  carries  down  with  it  the 
greater  portion  of  the  coloring  substance,  and  forms  a  class  of  pigments 
called  lakes.  Carmine  is  a  lake  prepared  in  this  way  from  a  solution  of  co- 
chineal 

553.  Silicates  of  Alumina. — ^The  salts  of  silicic  acid  and  alumina 
comprise  a  great  number  of  important  and  interesting  mineral  substances. 

554.  Clay  • — All  the  varieties  of  clay  consist  of  hydrated  silicate  of  alu- 
mina, more  or  less  mixed  with  other  matters  derived  from  the  rooks,  which 
by  their  decomposition  have  formed  clay ;  such  as  potash,  uncombined  silica, 
oxyd  of  iron,  lime,  and  magnesia.  According  as  one  or  the  other  of  these 
ingredients  predominates,  the  character  of  the  clay  and  its  adaptation  to 
specific  purposes  will  vary. 

QuEsnoMS. — ^What  are  the  naes  of  alam?  What  property  characterlsea  hydrous  alu- 
mina? How  doea  alomioa  act  in  dyeing  ?  What  are  lakes  ?  What  is  carmine  ?  Whaf 
is  day? 
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Clajs  which  ore  nearly  firee  firom  ozyd  of  iron  or  carbonate  of  lime,  are 
termed  fire-daySj  and  are  used  for  the  manufacture  of  fire-bricks  and  cruci- 
bles ;  such  clays  are  of  rare  occurrence.  Pipe-dayj  used  for  the  manufacture 
of  tobacco-pipes,  is  a  fine  white  clay,  nearly  free  firom  iron.  When  the  pro- 
portion of  carbonate  of  lime  in  a  day  is  considerable,  it  constitutes  what  is 
known  as  a  marl ;  if  the  aluminous  constituent  predominates^  it  forms  an 
aluminous  marl ;  if  the  carbonate  of  lime  be  in  excess,  it  is  a  calcareous 
mari ;  the  latter  is  highly  valued  in  agriculture  as  a  fertilizer  for  light,  sandy 
soils.  Loam  is  a  mixed  substance  contaming  much  day,  some  sand,  iron,  and 
a  vaiying  proportion  of  organic  matter.  Ochres  are  clays  colored  red  or  yel- 
low by  oxyd  of  iron ;  they  are  extensively  used  as  paints.  FuUer*8  earth  is  a 
porous  silicate  of  alumina,  which  has  a  strong  adhesion  to  oily  matters ;  if 
made  into  a  paste  with  water,  and  allowed  to  dry  upon  a  spot  of  grease  on 
a  board  or  doth,  it  removes  most  of  the  oil  by  capiUary  attraction.  It  owes 
its  name  to  the  fact  that  it  is  employed  to  remove  the  grease  applied  to  wool 
in  spinning. 

555.  Clay  emits  a  peculiar  odor  when  breathed  upon,  which  is  known  as 
an  argillaceous  odor.  When  mixed  with  a  soil,  it  gives  it  firmness  and  con- 
sistency, and  retains  the  moisture,  ammonia,  carbonic  add,  and  organic  mat- 
ters whidi  contribute  to  the  support  of  plants.  In  this  way  it  indirectly 
ministers  to  the  wants  of  vegetation,  although  alumina  itself  is  not  known  to 
enter  as  a  constituent  into  the  structure  of  either  plants  or  animals. 

Among  other  important  minerals  of  which  silicate  of  alumina  is  a  prm- 
dpal  constituent,  may  be  mentioned  feldspar,  mica,  all  the  varieties  of  slates, 
and  lavas,  trap,  basalt,  porphyry,  etc.  The  gems,  topaz  and  garnet,  are  also 
in  great  part  silicate  of  alumina. 

The  beautiful  artificial  blue  pigment  known  as  uUrqmarine  consists  mainly 
of  siUcate  of  alumina  fused  with  sulphide  of  sodium. 

556.  General  Properties  of  the  Earths. — ^The  earths  are 
entirely  insoluble  in  water,  and  do  not  combine  with  carbonic  add.  They 
possess  weak  basic  properties,  and  alumina  in  some  instances  may  even  act 
the  part  of  an  add.  The  metals  of  the  alkalies,  the  alkaline  earths,  and  the 
earths,  are  all  of  a  low  specific  gravity,  and  are  sometimes  called,  on  this  ac- 
count, the  light  metals,  to  distinguish  them  firom  the  other  metals,  which  are 
dense  and  heavy. 

QvEsnoNB.— What  !■  fire-clay?  What  is  plpo^lay  ?  What  are  marls?  What  is  loam? 
What  are  ochros  ?  What  is  '*  fuller* s  earth  r*  What  are  the  properties  of  day  ?  What 
miiMM^  %*»  m'i^v^j  composed  of  silicate  of  alamina  ?  What  is  ultramarine  *  Whet  ar3 
the  general  im>p«r^  of  the  earths? 
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CHAPTER    XII. 

GLASS    AND    P  0  T  T  E  B  T. 

557.  Glass  is  a  compound  substance  produced  by  fusing 
together,  by  a  high  and  long-continued  heat,  mixtures  of 
the  silicates  of  potash,  soda,  lime,  magnesia,  alumina  and 
lead — the  nature  and  proportions  of  the  ingredients  vary- 
ing according  to  the  purpose  for  which  the  glass  is  to,  be 
used. 

Silica  fused  with  the  alkalies,  potash,  or  soda^  readily  yields  a  transparent 
glass  of  easy  fusibility,  but  not  adapted  for  economic  purposes,  since  it  is  un- 
able to  resist  the  action  of  water  and  acids.  If  the  proportions  are  3  c^  al- 
kali to  1  of  silica)  the  compound  is  so  readily  soluble  in  water  as  to  be 
designated  as  "soluble  glas&"  (§  414.)  By 'increasing  the  pioportion  of 
silica^  we  can  greatly  diminish  the  solubility  of  the  alkaline  silicates,  but 
not  entirely  so  On  the  other  hand,  silica  fused  with  Ume,  magnesia, 
baryta,  or  alumina^  yields  compounds  which  resemble  porcelain  rather  than 
glass,  are  entirely  insoluble,  and  melt  at  only  a  high  temperature.  No  single 
silicate  is,  therefore,  adapted  by  itself  to  form  glass,  but  by  judicious  mix- 
ture of  the  various  silicates  we  can  contain  compounds  which  are  transparent, 
free  from  color,  fbsibla  at  a  moderate  heat,  and  insoluble  in  water.* 

The  temperature  at  which  glass  fuses  depends  upon  the  amount  of  silica  it 
contains ;  the  greater  the  proportion,  the  less  the  fusibility. 

558.  The  principal  varieties  of  glass  are  as  follows : — 

Common,  colorless,  or  white  glass,  which  is  used  for  making  tumblers,  win- 
dow-glass, and  looking-glasses,  is  a  compound  of  silicate  of  potassa  or  soda^ 
with  ffllicate  of  lime.  The  character  of  the  glass,  however,  varies  very  much 
according  as  one  or  the  other  of  the  alkalies  is  used.  Glass  composed  of  sim- 
ply the  silicates  of  potash  and  lime,  is  exceedingly  transparent,  very  hard,  and 
of  difficult  fusibility.  It  is  highly  prized  in  the  laboratory  for  its  adaptation  to 
certain  chemical  requirements.    The  celebrated  Bohemian  glass — ^the  finest 

*  In  Btriefeneas,  the  betl^made  glass  is  to  a  certain  extent  solnble.  If  veiy  finely-pov- 
dered  window-glass  be  placed  on  turmeric  paper,  and  moistened,  it  will  exhibit  an  alkaline 
reaction.  Windows  in  old  houses  often  show  prismatic  colors,  owing  to  the  circumstance, 
that  the  long-continued  action  of  rain  and  moisture  has  washed  out  the  alkali  of  the  glass, 
and  left  an  irregular  condition  of  surface,  which  occasions  a  refraction  of  light  Specimens 
of  ancient  glass  which  have  been  dug  out  of  the  rarth,  often  exhibit  a  pearly  luster,  re- 
salting  from  pure  silica,  the  alkali  haying  been  slowly  remoyed  by  long  exposure  te 
damp. 

QunsnoTTg.— What  is  glass  ?  Why  is  a  mixture  of  silicates  necessary  for  the  formation 
of  durable  g^ass?  What  is  said  of  the  fusibility  of  glass?  What  is  the  composition  of 
common  white  glass?    What  is  the  cliaracter  of  potaui-glass  ?    What  is  Bohemian  glass? 
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glass  produced,  is  a  silicate  of  potash  and  lime,  with  a  little  silicate  of  hlnm- 
ina.  By  substituting  soda  in  the  place  of  potash,  wo  obtain  a  more  fusible, 
but  a  less  transparent  glass;  varieties  of  glass  with  this  composition,  are 
known  as  "  crown  glass,"  plate-glass,  window-glass,  etc.  The  presence  of 
soda  in  glass  imparts  to  it  a  blueish-green  tinge,  which  is  not  observed  when 
potash  alone  is  used. 

Oreen  Bottle  Glasti,  and  other  inferior  desciptions  of  glass  used 
for  the  manufacture  of  articles  in  which  color  is  not  regarded,  consist  of  aa 
alkali,  silica,  lime,  and  alumina;  the  cheapest  and  most  ordinary  materials 
b.ing  used,  such  as  wood-ashes  and  common  salt,  as  alkaline  products,  com- 
mon sand,  clay,  gas-lime,  and  the  refuse  lime  and  alkali  left  after  the  manu- 
£u;ture  of  soap.  The  grcon  color  of  bottle-glass  is  due  mainly  to  the  presence 
of  oxyds  of  iron  and  manganese. 

Flint-Qlasfi,  so  called  from  the  circumstance,  that  the  silica  used i» 
its  manu&cture  was  formerly  derived  from  pulverized  flints,  is  a  mixture  of 
silicate  of  potash  and  silicate  of  the  oxyd  of  lead.  It  fuses  at  a  lower  temper- 
ature than  the  ordinary  varieties  of  glass,  has  a  beautiful  transparency,  and  a 
comparative  softness,  which  enables  it  to  be  cut  and  polished  with  easei 
Glass  which  contains  lead  possesses  the  property  of  refracting  light  ii^  a  re- 
markable manner,  and  is  consequently  employed  for  the  construction  of 
lenses  for  optical  instruments,  glass  prisms,  cbandelier-drops,  eta ;  it  is,  also, 
the  basis  of  the  artificial  gems  known  as  paste,  which  are  colored  by  metallic 
oxyds. 

559.  The  silic.'\  used  for  the  manufacture  of  "fine  glass  is  generally  in  the 
form  of  pure  white  sand,  entirely  free  from  oxyd  of  iron.  Such  sand  is  by  no 
means  common,  the  finest  in  the  world  beiog  at  present  found  among  the 
Green  Mountains  of  Western  Massachusetts,  from  which  localities  laige  quan- 
tities are  annually  exported  to  Europe.  Tlie  silica  of  the  Bohemian  glass  is 
obtained  by  pulverizing  masses  of  pure  white  quartz.  The  alkali  used  is  a 
refined  carbonate  of  potash  or  soda.  These  two  ingredients,  with  a  proper 
proportion  of  air-slacked  Ume,  or  oxyd  of  lead,  are  thoroughly  mixed,  and 
fused  in  large  crucibles  of  refractory  fire-clay,  in  a  circular  reverberatory  fur- 
nace. This  furnace  is  usually  in  the  form  of  a  truncated  cone,  60  to  80  feet 
liigh,  and  40  to  50  feet  in  diameter  at  the  base.  The  furnace  is  at  the  center 
of  the  cone,  and  the  glass'pots,  to  the  number  of  4  to  10,  are  arranged  around 
the  circumference,  and  opposite  to  openings  in  the  walls  of  the  furnace.  Fig. 
190  represents  the  exterior  of  the  furnace,  and  the  general  appearance  of  a 
glass-house. 

The  fire  of  a  glass  fiuTiace  is  never  allowed  to  slacken,  and  the  melting-pots 
remain  permanently  in  their  situations  for  several  months,  being  charged  fit>m 
the  exterior.  A  heat  of  about  forty-eight  hours  is  requisite  to  oonv^tthe 
crude  materials  into  a  liquid,  homogeneous  glass. 

QimTiOHB. — What  Is  the  character  of  soda-glass  ?  What  is  the  composition  of  green 
hottle-glass  ?  What  is  flint-glass  f  In  what  form  is  the  silica  aaed  in  the  mann&ctnrs  of 
glass?    What  its  alkali  ?    How  is  glass  formed  ? 
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The  (tetaila  of  the  irotking  anil  molding  of  glass  are  purclj  mechanical,  and 
B  doscriptian  of  them  ia  foreign  to  the  object  of  this  nork. 

660.  Colored  Gtass. — Glass  is  colored  by  the  addition  to  it,  in  a  fiised 
Blate^  of  BOiall  qoantltiea  of  the  metallic  oxyda,  which  dissolve  in  iC  without 


ta  transparency.  Thus,  oxjd  of  cobalt  imparts  a  deep  bltie ;  oxyd 
of  manRanese,  a  purple  or  violet;  oijd  of  copper,  a  green;  oiyds  of  iron,  » 
dull  green  or  brown;  and  oijd  of  gcjd,  a  ruby  or  roea  color.* 
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661.  Enamel  is  a  term  given  to  glass  which  is  rendered  milk-whito 
opaque  by  the  addition  of  binozyd  of  tin.  Examples  of  such  enamels  are  to 
be  seen  in  watch-dialsi  and  in  the  svcalled  porcelain  transparencies.  Colored 
enamels  are  produced  by  the  addition  of  metallic  ozyds  to  white  enamels. 

662.  Annealing . — ^If  g^ass  be  allowed  to  cool  suddenly  after  fusion,  it 
becomes  exceedingly  brittle,  and  articles  made  from  it  are  liable  to  break  in 
pieces  from  the  least  scratch  or  jar,  or  even  from  a  sli^t  but  sudden  change 
of  temperature,  as  when  transferred  from  a  cold  to  a  warm  room. 

This  property  is  strikingly  illustrated  by  what  are  called  Prince  Rupert's 
drops,  which  are  little  pear-shaped  masses  of  glass,  formed  by 
FiQ.  191.      dropping  melted  glass  into  cold  water.    (See  Fig.  191.)    These 
^^^    may  be  subjected,  without  breaking,  to  considerable  pressure, 
/f  or  even  to  a  smart  stroke,  but  if  the  little  end  of  the  drop  be 

/J  nipped  off,  the  whole  mass  instantly  flics  in  pieces  with  a  sort 

^^m  of  explosion,  and  is  converted  into  powder.    This  effect  ap- 

pears to  be  due  to  the  &ct,  that  tho  particles  of  which  these 
little  masses  are  composed,  are  in  a  state  of  unequal  tension,  owing  to  the 
formation  of  a  solid  coating  upon  the  exterior,  while  the  interior  parts  are  still 
fluid ;  the  latter  being  thereby  prevented  from  expanding,  as  they  become 
solid.  The  drops  will  bear  a  concussion  because  the  mass  then  vibrates  as  a 
whole,  but  if  the  end  be  broken,  a  vibratory  movement  is  communicated 
along  the  sur&oe  without  reaching  the  internal  parts ;  this  allows  them  some 
expansion,  which  overcomes  the  cohesion  of  the  outer  coating,  and  the  whole 
at  once  flies  in  piecea  To  obviate,  therefore,  this  tendency  to  brittleness,  all 
glass  articles,  after  their  manufacture,  are  subjected  to  the  operation  of  an- 
nealing,  which  is  a  very  slow  and  gradual  process  of  cooling,  bjr  which  the 
parts  are  enabled  to  assume  their  natural  position  with  regard  to  each  other. 
In  some  cases,  several  days,  or  even  weeks,  are  required  for  the  cooling  of 
particular  articles. 

563.  Pottery  and  Porcelain.— The  basis  of  all  earthen- 
ware, porcelain,  and  china,  is  silicate  of  alumina  (clay). 

Pure  silicate  of  alumina,  however,  contracts  greatly  and  unequally  on  dry- 
ing, and,  consequently,  is  unfltted  to  be  used  by  itself  for  flctfle  purposes. 
This  difficulty  is,  however,  overcome  by  the  addition  to  the  clay  of  a  proper' 
tion  of  silica,  and  to  compensate  for  a  loss  of  tenacity  in  the  clay  thereby  oc- 
casioned, it  is  also  customary  to  incorporate  with  the  mass  some  fusible 
material,  as  an  alkali,  silicate  of  lime,  eta,  which,  at  the  temperature  required 
for  baking  the  ware,  fhses,  becomes  absorbed  by  the  more  infusible  portion, 

which  are  aeen  in  ornamental  artideis  which  consist  partially  of  colored,  and  partially  of 
clear  glass,  are  produced.  Additional  colors  may  also  he  comhined«on  the  article  in  the 
same  manner,  and  by  catting  a  surface  so  coated,  to  difTerent  depths,  rarieties  of  effects 
may  he  prodaoed,  involving  a  display  of  two  or  more  colors. 

QussTioira. — ^What  are  enamels?  What  effect  is  prodaced  byallowii^  glass  to  cool 
suddenly?  How  is  this  Illustrated  by  Prince  Rupert* s  drops?  What  is  annealing? 
What  is  the  basis  of  all  earthenware  ?    Why  can  not  pure  clay  be  used  alone  ? 
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and  binds  the  whole,  on  cooling,  into  a  solid  mass.  According  to  the  greater 
or  less  proportion  of  these  tuaible  materialsi  the  ware  ia  more  or  less  transpa- 
rent, or  resembles  glass  in  a  greater  or  less  degree. 

564.  Porcelain  is  the  name  applied  to  the  finest  varieties  of  earthen- 
ware. It  is  composed  of  a  very  pure,  white  clay,  called  "  kaolin"  (derived 
firom  the  decomposition  of  feldspar),  very  finely-divided  silica^  prepared  by 
crashing  and  grinding  calcined  flints,  and  a  little  lime.  The  utmost  pains 
are  taken  to  thoroughly  incorporate  these  ingredients,  and  to  avoid  the  intro- 
duction of  particles  of  gri^  or  other  foreign  bodies.  The  mixture,  having  the 
consistency  and  appearance  of  dough,  is  then  fashioned  upon  a  peculiar  kind 
of  lathe — called  a  "  potter's  wheel,"— or  in  molds  of  plaster  of  Paris,  into  ware, 
-—dried,  and  baked  in  a  kiln  or  oven  for  a  period  of  about  40  hours.  The  por- 
celain in  this  condition  is  technically  termed  hiscuitj  and  is  compact  and  solid, 
but  so  porous  as  to  readily  imbibe  water,  and  even  allow  it  to  filter  through 
its  substance.  This  difficulty  is  remedied  by  covering  the  ware  with  a  glassy 
coating  called  a  glaze,  which  generally  consists  of  a  more  fusible  mixture  of 
the  same  matezials  as  the  porcelain  itself  Those,  in  a  state  of  fine  powder, 
are  made  into  a  cream  with  water,  and  into  this  the  ware  is  dipped  for  a  mo« 
ment,  and  then  withdrawn ;  the  water  smks  into  its  substance,  leaving  the 
powder  evenly  spread  upon  the  suHaoe,  which,  when  submitted  to  a  moder- 
ate heat,  fuses,  and  fwms  a  uniform,  vitreous  coating.  In  ornamented  porce- 
lain^ the  design  are  printed  or  painted  upon  the  surface  with  various  metallic 
oxyds,  which  dovelope  their  colors  only  after  fusion  with  the  ingredients  of 
the  glaze. 

The  material  called  "  Parian,"  of  which  statuettes,  etc.,  are  manu&ctured, 
is  a  carefully-prepared  variety  of  porcelain. 

The  details  of  the  manu&cture  of  the  ordinary  varieties  of  "  stone"  and 
^  earthen"  ware^  are  in  principle  the  same  as  those  involved  in  the  manufac- 
ture of  porcelain,  less  care,  however,  being  taken  in  the  selection  of  materials, 
and  less  labor  being  bestowed  upon  their  preparation.  The  coarser  kuids  of 
earthenware  are  sometimes  covered  with  a  yellowish-white  glaze,  of  which 
oxyd  of  lead  is  an  important  ingredient  The  use  of  such  vessels  in  culinaiT' 
operations  is  highly  objectionable,  inasmuch  as  the  lead  is  liable  to  be  dis- 
solved olf  by  acids,  and  act  as  a  poison. 

Bricks  and  common  pottery-ware  owe  their  red  color  to  the  iron  naturally 
contained  in  the  clay  of  which  they  are  composed,  whiph,  by  heating,  is  con* 
verted  into  red  oxyd  of  iron.  Some  varieties  of  clay,  like  that  found  near 
Kilwaukie,  contains  little  or  no  iron;  and,  consequently,  the  bricks  made  firom 
it  are  all  lightKX>lored. 

QuESTioirs. — ^What  is  tiie  compositioTi  of  porcelain  t  Describe  its  mannfaeture^  How 
ia  porcelain  ornamented  with  colored  fignres?  What  is  **  Parian  f*  How  does  the 
manufacture  of  earthenware  differ  from  porcelain?  How  is  earthenware  sometimes 
glazed  ?  Why  is  the  use  of  vessels  glazed  with  lead  dangerous?  Why  are  bricks  and 
flowor-potered? 
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CHAPTER     XIII. 

THB    COMMON,     OB    HEAVY    METALS. 

SECTION    I. 
IRON   {Ferrum). 

EquivdterUf  28.     Symbol,  Fe.    Specific  gravity,  7*8. 

565.  Nataral  History  and  Distrilsntion.— Iron  is  the 
most  abundant,  the  most  widely  diffused,  and  the  most 
useful  of  all  the  metals.  It  is  the  only  metal  which  enters 
into  the  structure  of  all  the  vertebrate  animals,  as  an  es- 
sential constituent  (existing  always  in  the  blood),  and  the 
only  one  whose  oxyds  are  not  injurious  to  either  animals 
or  plants. 

Iron  in  a  metallic  and  malleable  state,  alloyed  with  nickel,  cobalt,  andsmaD 
quantities  of  other  metak,  is  found  upon  the  sar&ce  of  the  earth  in  lengp 
masses  of  meteoric  origin.  These  masses  are  so  peculiar  in  their  compositioii 
and  structure,  and  differ  so  essentially  from  all  terrestrial  substances,  tliat 
although  they  may  not  have  been  seen  to  fall,  they  are  easily  recc^nissed. 
Some  of  these  extraordinary  bodies  are  from  15  to  20  tons  weight;  one  ob- 
served  to  fall  from  the  atmosphere  in  an  ignited  state  in  South  America  in 
1844,  was  upward  of  a  cubic  yard  in  dimensions.  A  specimen  in  the  cabinet 
of  Yale  College  weighs  1,63^  lbs.,  and  one  in  the  Smithsonian  Institution, 
252  lbs.  The  occurrence  i'l  nature  of  metallic  iron  of  a  terrestrial  origin  i3 
exceedingly  rare.  It  is,  liowever,  said  to  be  occasionally  found  associated 
witli  ores  of  platinum,  and  also  in  little  nodules  inclosed  in  masses  of  iron  ore 
— ^the  latter  being  evidently  the  result  of  electro-galvanic  agency.  Recent  in- 
vestigations by  Hayes  of  Boston  have  also  rendered  it  probable  that  a  deposit 
of  native  iron  exists  on  the  West  Coast  of  Africa,  in  the  vicinity  of  Liberia 

Iron  in  a  state  of  perfect  purity  -  is  not  found  also  as  an  article  of  com- 
merce—the  very  best  artificial  irons  always  containing  some  carbon,  and 
generally  minute  quantities  of  silica,  sulphur,  and  phosphorus.  Chemically 
pure  iron  may,  however,  be  obtained  by  reducing  the  pure  peroxyd  of  iron 
at  a  red-heat  by  a  current  of  hydrogen  gas. 

566.  Compounds  of  Iron  with  Oxygen . — ^Iron  forms  three 
definite  compounds  with  oxygen:  1.  Protoxyd,  FeO;  2.  Sesquioxyd,  com- 
monly called  the  peroxyd,  FesOg ;  3.  Ferric  acid,  FeOs.  Another  oxyd, 
Fes04,  found  native  in  large  quantities,  and  known  as  the  black,  or  magnetic 
oxyd  of  iron,  is  by  some  regarded  as  a  distinct  oxyd,  and  by  others  as  a  com- 
pound of  protoxyd  and  sesquioxyd. 

QUBSTiONB. — ^What  Is  said  of  iron  f  Is  malleable  iron  foaud  in  nature  ?  Is  the  iron  of 
eommerce  pure  f  How  may  cheraioally  pure  iron  be  obtained  f  _  What  are  the  compoands 
of  iron  and  oxygen  f 
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BGT.  Protoiyd  of  Iron,  F  e  0 ,  does  not  occur  in  nature  except  in 
coaibiDatioD.  I[  is  a  powerful  base,  and  unites  witli  tlia  acida  to  form  salta 
wliii^h  bave  a  greeaisli  color  aud  a  aty ptio  taBte — plupcrticB  wLit;li  are  poB- 
sessed  in  a  very  markod  degree  by  greeo  vitriol,  which  ia  a  sulpliato  of  tbo 
proloiEjd  of  iron.  Protoiyd  of  irou  may  be  easily  obtained  in  ihe  tbnn  of  a 
hydrate,  by  disaolviiig  piiro  aulpbate  of  iron  in  water  recently  boiled  and 
adding  an  alkali  to  tlie  solution.  The  bulky  precipitated  hydrate  is  at^Brat 
nearly  whil«^  but  absorbing  oxygen  fh>m  the  air,  it  soon  becooiea  brown,  and 
finally  red,  ttoat  its  coavereioo  into  geaquioxyd.  In  a  moist  8tal«,  this  hy- 
diate  consUtutcB  the  moat  effectual  antidote  in  poiuouian;  by  arsenic. 

ees.  Seaqnioiyd  of  Iron,  Fe,0„  i'ertijTirrl,— is  found  native  in 
great  abundance,  and  constitutes  some  of  tlie  moet  valouble  of  the  ores  of 
iron.  It  ia  in  thia  stute  of  oxydatlau  that  iron  is  generally  found  in  soils  and 
minerals,  assuming  ofteutimce  a  deep  red  color  (red  oxyd)  as  in  odier,  burnt 
clay,  etc  The  substance  called  roafft,  crocus,  or  colcothar,  used  for  polishing 
glsM  or  metala,  is  this  oxyd  in  a  state  of  fine  powder,  prepared  by  igniting 
Uie  sulphate  of  iron. 

G69,  Black,  or  UagnetJe  Oiyd  of  Iron,  Fe,04,  occnraabUQ- 
danOy  in  nature,  consliluting  the  oonxmon  mngnetic  iron  ore,  and  the  native 
loadateme,  both  which  acquire,  niagnetio  properties  from  tlje  inductive  influ- 
ence of  the  earth.  It  is  also  Uie  principal  constituent  of  the  scales  of  oxyd 
which  are  detocbed  during  tlie  forging  of  wrought-iron. 

670.  Ferric  Acid,  F  eOi,  may  be  formed  by  heating  I  pert  of  peroxyd 
of  iron  with  4  parts  of  saltpeter  to  fiill  redness  for  an  hour,  in  a  covered  cru- 
cible. A  brown  mass  is  thus  obtained — ferrate  of  potash — which  digested 
with  water  yields  a  beautiful  violet- colored  solution. 

671.  Ores  of  I  r  0  n  .—The  ores  of  iron  are  extremely  numerous.  The 
following  are  Bome  of  the  most  valuable :  Flo.  laa. 

1.  The  magnetic,  or  black  oxj/d,  wliicb 
has  a  black  color  and  a  motalhc  luster. 
It  ia  found  in  beds  in  the  primitjve 
rocks,  and  aometJmes  constitutes  entire 

MissourL  It  is  one  of  the  richeat  of  the  j 
oiea  of  iron,  and  contains  about  TO  per 
cent  of  pure  iron.  The  superior  iron 
of  Sweden  and  Ruada  ia  prepared  from 

it    The  epa!uiar  iron,  or  red  iron  ore, 

consists  mainly  of  seaquioxyd  of  iron; 

under  this  class  are  included  the  ores  known  as  red  and  brown  hematites,  and 

bojlf-iron  ore.     Red  hematite  often  occurs  in  Qbrous  crystallized  nodulcp, 

terming  beautiful  cabinet  spooimena.      (See  Fig.  192.)    All  the  ores  of  this 

QnanoHs.— WtutliHtld  oTUia  protoiTdT  Hoirnisr  It Iw  prepared T  Whii  ta  mid 
■f  the  HaqnloiTd  t  Wlut  li  rouge  r  Wbit  li  uld  of  tbs  btuk  oiyd  t  Whil  of  furle 
■eld?    Wfait  ire  the  principal  orei  of  ItodT 
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clan  jield  reddish  brovm  powders,  aod  may  tlins  be  dietinguigbed  fram  tbe 
Uack  oxjd ; — they  contain  about  63  per  ceot.  of  iron  ;  3.  Clay-iron  slonc  a 
an  impure  carbooata  of  iron,  mingled  with  Tar7ing  proportions  of  clay,  lime, 
magnesia,  and  manganeaa  This  ore  occura  eiteosirely  assooiated  vilh  om\ 
and  contoina  about  33  per  cent  oT metallic  iron ;  it  is  the  chieT  source  of  llie 
enormous  quantity  of  iroD  manufactured  in  Groat  Britain.  All  claja  vhidi 
are  (ypabte  of  yielding  20  per  cent  of  iron  are  called  ores. 

672.  Bl-Sulphuret  of  Iroa,  F e St,— ironpgrilia, — "Ithoughaverj 

abundant  mineral,  is  not  used  as  a  sourco  of  metallic  iron  ;  it  oocura  in  cu- 

jfjQ  jc|3_  bical  crystola   (see  Fig.   193)    and    fibroui 

I  radiated  masses ;  Trom  iCa  bright  yellow  color 
and  metallic  luster  it  is  often  mislaken  for 
gold  (Ibol's  gold),  but  its  cbaracter  ma;  be 
easily  determined  by  the  Bulphurous   odor 
which  it  evolved  by  lieaUng. 
G13.   ProlosDipbate     of     Ir«n. 
Fe  0,  S  Orf  7  no. —  Cappmu;    Green    VU- 
rioL — This  salt  may  bo  readily  formed  by  do- 
solving  metallio  iron  m  sulphuriu  add,  but 
fcr  commercial  purposea  it  is  prepared  on  > 
veiy  large  scale  by  exposing  iron  pyrites  to  the  action  of  a'r  and  moisture, — 
the  eulphuret  of  iron,  by  the  absorption  of  Oxygen,  yielding  sulphuric  acid 
and  osyd  of  iron.    The  salt  produced  is  then  dissolved  out  with  water,  and 
tho  salutionvsllowed  to  crystallize.     In  this  way  it  ia  prepared  in  groat  quan- 
tities at  StatTord,  Termont 

Copperas  Ibrms  beautiful,  tranaparenl,  blaiah-greeD  crystalu,  which  effloresce 
in  dry  air,  and  become  covered  with  brownish-white  crust.  In  oombiuation 
with  certain  astringent  vegetable  mutters,  as  tannio,  extract  of  galls,  etc,  it 
forma  permanent  black  dyes,  and  is  hence  much  used  in  tba  arts  for  dye- 
ing, and  for  the  manulacture  o(  intra. 

B7i.  Iron  is  employed  in  the  arts  in  tbree  different  states,  viz ,  as  cnde, 
or  eial  iron,  as  tcroaghi,  or  moIieoUs  iron,  and  aa  eleA 

GT5.  Caat  Iron,  the  metal  obtamed  by  smelting  the  ore  with  carbon, 
is  a  chemical  compound  of  iron  and  carbon — a  carbide,  or  carburet  of  iron, 
containing  also,  as  impurities,  smati  quantities  of  unccanbined  curboa  and 
silicon,'  and  geuerully  some  phosphorus,  sulphur,  aiuniinum,  and  calcium.  It 
ia  flisible  at  a  glowicg  n  bite-heal,  ia  brittle,  and  can  neither  be  foi^  or 
welded.  The  proportion  of  carbon  in  different  varieties  of  cast-iron  varies 
but  in  DO  instance  does  it  exceed  G  per  cent  The  proportion  of  silica  varies 
ftom  3-6  to  0-26  per  cent 

In  commerce,  two  varieties  of  cast-iron  are  recognized,  viz.,  white  and 
gray  metal    The  former  contoina  more  corboo,  and  ia  harder,  more  brittics 

QmanoHa— wlwtireironpyritMf    Whmt  l>  mppoiM f    Hoir It  It  prBp«rBd  f    Win* 
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and  more  flutble  tban  tbo  latter.  It  ia  also  charactarized  hj  a  Bilrerf  wliite- 
neas,  and  a  lamelar  crystalline  fracture.  Gray  mot^,  on  tlie  contrary,  ia  very 
aoh,  dark  in  color,  and  of  a  granular  texture ;  it  admits  of  being  filed  and 
drillud  with  ease,  which  white  metal  does  not  ir  wliite  Iiod  be  Pielted  and 
allowed  to  cool  very  gradually,  a  portion  of  its  carbon  crystalllEefl  out  as 
g^raphite,  and  gray  cast-iron  is  produced.  Tlie  gray  metal  is  best  adapted  lor 
castings,  and  the  wbita  for  the  manuGicture  of  bar  iroD  and  ateeL 

BT6.  Smelt  iDg    of   t  roD— The  operation  of  smelting  iron,  or  tb« 
reduction  of  its  ores  to  a  metotlio  state,  is  ef-  pj^^  j  g^^ 

1  .<cted  through  the  BgT>ncy  of  Clia  blasl-fui^ 
Dace,  which  is  a  tall,  ehimnej-lilte  structure, 
constructed  of  stone  in  a  conical  form,  and 
lined  upon  the  interior  with  the  moat  rcfhic- 
toty  fire-brick.  Its  internal  cavity,  repre- 
sented in  sectioD  in  Fig.  191,  resembles  in 
shape  a  long,  narrow  funnel,  inverted  tipon 
the  mouth  of  another  shorter  flinnel,  and  is 
divided  into  the  centra!  portion,  6,  c^led  the 
shaft ;  tho  boshes,  e,  or  tbo  part  of  the  Ibr- 
nace  sloping  inward ;  tlie  crucnblo,  i,  and  the 
hearth,  ft.  The  top,  or  mouth  of  the  liimace 
Borses  both  for  charging  it,  and  for  the  es- 
cape of  gases.  A  steady  and  intense  heat  is 
maintained  by  means  of  strong  blasts  of  air 
driven  into  the  llimaoe  by  powerful  blowing 
apparatus  through  a  number  of  blast-pipes, 
or  tuferes,  a  a,  at  its  tiase.    The  amount  of 

air  thus  supplied  exceeds,  in  some  large  fiimacas,  13,000  cubic  ieet  per  min- 
ute. It  was  tbnnerly  the  prudjce  to  use  the  air  at  ordinary  temperatures 
(cold  blast),  but  within  a  comparatively  recent  period  the  production  of  iron 
has  been  veiy  greatly  cheapened  and  increased  by  heating  the  air  to  a  tem- 
perature of  about  500°  F.  beibre  it  enters  the  furnace  (hot-blast). 

At  the  commencement  of  operations,  the  Aimace  Is  first  heated  with  coal 
only,  for  aboat  24  hours,  in  order  to  raise  it  to  the  proper  temperature ;  but 
when  working  regularly,  it  is  charged  alternately  with  coal  and  a  mixture  of 
ore  and  limestone  broken  into  small  pieces,  until  it  ia  completely  flllod  with 
successive  layers  of  fuel  and  of  ore.  The  ore  l>cfore  smelting  ia  generally 
roasted,  or  heated  separately,  in  order  to  expel  from  it  water  and  carbonic 
add,  and  render  it  dry  and  porous.  Tho  limestone  added  serves  as  Rux: — 
that  is,  it  renders  the  silica,  clay,  and  other  foreign  matters  aesociated  with 
the  ore  readily  lusible — forming  a  dark-colored  glass  termed  "slag."  As 
soon  as  Uie  ore  has  become  thoroughly  ignited,  its  ^ygen  unites  with  the 
carbon  (^  the  fUel  to  form  carbonic  ozyd,  while  the  metal  liises,  and  together 
with  the  slag  fiows  down  to  the  bottom  of  the  Aimace.  Here  the  slag,  l>eing 
QTTEnioHS. — Describe  the  eonitmetion  of  i  Mut-furnue  t  Hav  Is  Iron  ndoiiii4  tiUBl 
Uworef    Wb7ialliD»laiisiiwdintlieamelllDB<>rironF 
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bj  ezposiDg  it,  in  a  melted  condition  on  the  hearth  of  a  furnace,  to  the  action 
of  a  current  of  air;  the  oxygen  of  the  air  burns  off  a  portion  of  the  carbon 
fix>m  the  cast-iron,  and  steel  remains.  The  preparation  of  natural  steel,  there- 
lore,  is  an  intermediate  stage  in  the  conversion  of  cast  into  wrought-iron. 
Steel  thus  obtained  is  of  an  inferior  quality,  and  is  used  for  making  cheap 
and  coarse  instruments.  The  best  qualities  of  steel  are  obtained  by  a  process 
called  cementation^  which  is  an  operation  just  the  reverse- of  that  by  vrhich 
natural  steel  is  formed.  It  consists  in  imbedding  bars  of  the  best  refined  mal- 
leable iron  in  powdered  charcoal  contained  in  large  boxes  of  fire-brick  in  soch 
a  way  tliat  all  access  of  air  fiiom  without  is  entirely  excluded.  The  boxes 
are  then  subjected^  in  a  furnace,  to  a  most  intense  heat,  for  a  period  varying 
from  five  to  ten  days,  during  which  time  the  carbon  of  the  charcoal  completely 
penetrates  the  mass  of  the  iron,  and  converts  it  into  steeL  The  steel,  wben 
withdrawn,  has  a  peculiar,  rough,  blistered  appearance,  and  is  hence  known 
as  blistered  steeL  Small  bars  of  blistered  steel,  made  into  faggots  and  welded 
together,  at  a  high  temperature,  under  a  tilting,  or  trip  hammer,  forms  "tHied 
sieel;^^  this,  broken  up,  reheated,  and  re-welded,  forms  ^  shear  steel,"  so  called, 
because  it  was  originally  thus  prepared  for  making  shears  to  dress  woollen 
cloth.  The  quality  of  the  steel  is  greatly  improved  by  these  successive  pro- 
cesses of  reheating  and  re-hammering.  Oast  sted  is  prepared  by  melting 
blistered  steel,  casting  it  into  ingots,  and  then  drawing  it  into  bars  under  the 
hanuner ;  it  is  the  most  perfect  variety  of  steel,  and  is  employed  for  all  fine 
cutlery. 

Ca§e-hardening . — ^It  is  sometimes  desirable  to  convert  articles 
manufactured  from  soft  iron  superficially  into  steel;  this  is  termed  caso- 
hardening,  and  is  usually  performed  by  heating  them  for  a  short  time  in 
contact  with  powdered  charcoal,  or  sprinkling  their  surfiices  when  red-hot 
with  powdered  ferrocyanide  of  potassium. 

580.  The  chemical  changes  which  take  place  in  the  conversion  of  bar-iron 
Into  steel  are  obscure,  and  it  is  somewhat  doubtful  whether  we  yet  fully  un- 
derstand the  exact  composition  of  steel.  The  most  recent  researches  seem  to 
indicate  that  nitrogen  is  a  constituent  of  all  steel,  and  that  its  presence,  to- 
gether with  carbon,  is  essential  to  its  formation.  The  finest  steel  known, 
called  Wootz,  is  produced  in  a  very  rude  way  by  the  natives  of  India,  and  is 
used  for  the  manufacture  of  the  celebrated  sword-blades  of  the  East  The 
most  experienced  English  manufiicturers  are  unable,  with  all  their  resources^ 
to  produce  steel  of  an  equal  quality,  and  its  peculiar  excellence  has  been  at- 
tributed  by  Professor  Faraday  to  the  presence  in  its  composition  of  a  small 
quantity  of  aluminum.* 

*  Some  authorities  have  supposed  that  carbon  is  contained  in  steel  in  the  form  of  the 
diamond,  since  it  seems  almost  impossible  to  refer  the  great  differences  which  exist  be- 
tween cast-iron  and  steel  to  merely  a  minute  vaiiation  of  the  proportions  of  the  oomUned 

QuKSTioxs — How  is  the  best  steel  obtained  ?  VThat  are  the  different  varieties  of  steel  f 
Whatks  east-steel  ?  What  is  case-hardening  f  What  is  said  of  our  knowledge  of  the 
formation  and  composition  of  steel  ? 
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581.  Properties  of  Steel • — Steel  is  less  fusible  than  cast-iron, 
and  more  so  than  bar-iron.  Its  most  remarkable  property  coQsists  in  its 
power  of  assuming  a  hardness  scarcely  inferior  to  that  of  the  diamond  by 
heating  to  redness  aud  then  suddenly  cooling  by  inmiersion  in  cold  water; 
by  this  treatment  it  is  also  rendered  extremely  brittle  and  almost  perfectly 
elastic.  By  reheating  the  steel  and  allowing  it  to  cool  slowly,  it  again  be- 
comes nearly  as  soft  as  ordinary  iron,  and  between  these  two  extremes  any 
required  degree  of  hardness  may  be  attained.  In  working  steel,  the  articles 
are  first  finished  in  a  soft  state,  and  afterward  hardened  j  they  are  then  tern- 
peredj  or  raised  to  such  a  temperature  as  is  requisite  to  give  them  the  degree 
of  softness  and  elasticity  required.  The  workman  easily  estimates  this  tem^ 
perature  by  observing  the  color  of  the  thin  film  of  oxyd  which  appears  upon 
the  sur&ce.  Thus,  a  light  straw  color  indicates  the  degree  of  heat  requi- 
site for  tempering  razors;  a  deep  yellow,  that  suitable  for  scissors,  pen- 
knives, etc. ;  while  sword-blades,  watch-springs,  and  instruments  demanding 
great  elasticity,  must  be  exposed  to  a  much  higher  degree  of  heat,  or  until 
their  surfaces  acquire  a  deep  blue  color.  These  various  changes  in  the  color 
of  steel  may  be  illustrated  by  heating  a  polished  steel  knitting-needle  in  the 
flame  of  a  spirit-lamp. 

SECTION    II. 

MANaANESE  AND  CHBOMIUM. 

582.  Manganese.— JE'g'wwafew^,  27*6 ;  Symbol,  Ma;  Spe- 
cific gravity,  8. — Metallic  manganese  is  a  grayish-white 
metal,  resembling  some  varieties  of  cast-iron. 

It  is  extremely  brittle,  and  so  hard  that  it  is  not  scratched  by  a  file ;  a 
fragment  set  at  a  sharp  angle  may  be  even  substituted  in  the  place  of  the 
diamond  for  cutting  glass.  It  is  susceptible  of  a  very  high  polish,  and  at  or- 
dinary temperatures  in  the  air  is  not  readily  oxydized.  It  dissolves  easily 
in  acids.  No  practical  application  has  ever  been  made  of  this  metal,  and 
previous  to  its  investigation  by  Brunner  in  1857,  very  erroneous  ideas  of  its 
properties  were  generally  entertained.  It  is  now  believed  to  possess  a  high 
eoQnomic  value,  especially  as  an  element  of  certain  alloj'S.  Its  preparation 
is,  however,  difficult 

Manganese  is  not  found  in  nature  as  a  metal,  but  as  an  oxyd  it  is  very 
widely  difiiised  in  the  mineral  kingdom.    Traces  of  it  are  very  fi^quently 

carbon.  In  accordance  with  this  view,  a  theory  has  been  proposed,  that  the  fine  catting 
properties  of  a  steel  blade  are  due  to  a  minute  form  of  diamond  imbedded  in  the  edge ; 
and  that  the  benefit  of  dipping  a  razor  into  hot  water  before  using  is  owing  to  the  circnm- 
stance  that  the  metal  is  thereby  expanded,  forcing  the  sharp  edges  of  the  embedded  car- 
bon crystals  into  such  positions,  that  they  cut  with  greater  facility . 

^ 

Questions. — What  are  the  properties  of  steel  ?  What  is  nnderstood  by  the  tempering 
of  steel?  What  is  the  appearance  of  metallic  manganese?  What  are  its  properties? 
What  is  said  of  its  distribution  in  nature  ? 
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found  in  tho  ashes  of  plants,  and  in  river  and  lake  waters.  ,  The  dark,  metal- 
lic*like  discoloration  which  may  be  often  noticed  on  stones  and  pebbles  in 
the  beds  of  streams  flowing  over  igneous  rocks,  is  due  in  great  part  to  a 
coating  of  ozyd  of  manganese  deposited  from  the  water.  The  most  impor- 
tant and  valuable  ore  of  manganese  is  the  black  oxyd,  also  known  as  the 
perozyd,  or  binozyd,  MnO^.  It  is  found  abundantly  at  Bennington,  Vermont, 
and  in  many  other  localities  in  the  United  State& 

Seven  different  oxyds  of  manganese  are  described,  the  two  highest  of  wfairh 
possess  acid  properties,  and  are  termed  manganic  and  permanganic  acids. 
Manganic  acid  is  known  only  in  combination  with  potash,  with  which  it  forms 
a  salt — manganate  of  potash — ^possessing  some  very  curious  properties.  It  is 
best  prepared  by  intimately  mixing  4  parts  of  finely-powdered  peroxyd  of 
manganese  with  3^  parts  of  chlorate  of  potash ;  5  parts  of  hydrate  of  potash 
dissolved  in  a  small  quantity  of  water,  are  then  added  to  the  mixtura,  which 
evaporated  to  dryness  and  heated  to  dull  redness  for  an  hour  in  an  earthen 
crucible,  yields  a  dark  green  mass.  This  dissolved  in  water,  gives  at  first 
an  emerald-green  solution,  but  the  color  almost  immediately  and  successively 
changes  to  dark-green,  blue,  purple,  and  finally  to  crimson.  These  changes 
of  color  are  occasioned  by  a  decomposition  of  manganate  of  potash,  which  is 
hence  ofiien  called  chameleon  mineral;  the  final  red  color  retained  by  the  so- 
lution is  due  to  the  formation  of  permanganic  acid,  which  is  comparatively  a 
stable  compound. 

The  salts  of  manganese  are  characterized  by  a  delicate  rose-color,  wliich  is 
especially  noticeable  in  crystals  of  the  sulphate.  The  chief  uses  of  the  com- 
pounds of  manganese  are  chemical,  the  black  oxyd  being  extensively  employed 
to  decompose  muriatic  acid,  and  furnish  chlorine  (§  350) ;  it  likewise  supplies 
the  chemist  with  his  cheapest  source  of  oxygen,  and  is  used  as  a  coloring 
material  in  the  manufacture  of  glass  and  enamels. — Milleeu 

583.  Chromium.— ^ji/tVafen^,  26-4  ;  Symbol^  Or. — Chro- 
mium is  found  only  as  au  oxyd  in  nature,  and  although 
abundant  in  some  localities,  is  very  sparingly  distributed 
over  the  earth.  The  metal  itself,  which  is  obtained  with 
difficulty,  is  grayish-white,  brittle,  and  is  extremely  hard; 
it  also  resists  the  action  of  the  strongest  acids. 

The  most  abundant  ore  of  chromium,  is  a  compound  of  protoxyd  of  iron 
and  sesquioxyd  of  chromium, — ^known  as  "  chrome  iron."  It  is  found  more 
abundantly  in  the  United  States  than  elsewhere,  especially  in  the  vicinity 
of  Baltimore,  and  at  Lancaster,  in  Pennsylvania. 

Almost  all  the  compounds  of  chromium  are  characterized  by  very  beautiful 
colors,  and  are  hence  highly  valued  in  the  arts  as  materials  for  paints,  for 

QUEBTiONB. — What  is  its  principal  ore  f  What  is  said  of  its  oompoands  with  oxygen  f 
What  peculiar  properties  does  the  manganate  of  potash  possess?  What  are  the  proper- 
ties of  chromium  ?  What  ib  its  principal  ore  ?  For  what  are  the  compounds  of  chromium 
remarkable? 
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dyeing  fabrics,  and  for  coloring  glass,  porcelain,  enamels,  etc.  Oxjd  of 
chromium  is  the  coloring  ingredient  of  tlie  emerald,  of  the  green  varieties  of 
serpentine,  and  prob&bly  also  of  the  ruby. 

Chromium  is  prepared  for  use  in  the  arts  by  fusing  the  pulverized  ore, 
chrome  iron,  with  nitrate  of  potash  (saltpeter) ;  by  this  treatment  the  chro- 
mium absorbs  oxygen  and  becomes  converted  into  an  acid^-chromic  acid — 
which  unites  with  the  potash  of  the  niter  to  form  a  yellow  salt,  the  cbromate 
of  potash,  KO^CrOs.  By  adding  sulphuric  acid  to  a  solution  of  chromate 
of  potash,  we  remove  one  half  the  base  and  form  a  new  salt— 'bi-chromate 
of  potash,  KO,  2CrQg — which  crystallizes  in  beautiful  red  tables,  and  furnishes 
the  source  from  whence  most  of  the  other  compounds  of  chromium  are  pre- 
pared. It  is  also  in  the  form  of  this  salt  that  chromium  is  best  known  as  an 
article  of  commerce. 

684.  Chromate  of  Lead,  PbOyCrOg' — Chrome  TeUaw.  —  By 
adding  a  solution  of  bi-chromate  of  potash  to  a  solution  of  acetate  of  lead,  wo 
obtain  a  beautiful  yellow  precipitate  of  chromate  of  lead ;  this,  washed  and 
dried,  constitutes  the  well-known  pigment,  chrome  yellow.  By  mixing  chrome 
yellow  with  white  substances^  such  as  chalk,  day,  etc.,  numerous  other  shades 
of  yellow  are  obtained,  as  Paris  yellow,  king's  yellow,  etc.;  but  bv  mixing  it 
with  Prussian  blue,  a  variety  of  cheap  green  pigments  are  formed,  as  Naples 
green,  olive  green,  etc. 

585.  Chromic  Acid,  C  r  Og,  is  readily  prepared  by  mixing  4  mea- 
sures of  a  cold  saturated  solution  of  bi-cbromate  of  potash  with  5  of  oil  of  vit- 
riol ;  as  the  liquid  cools,  chromic  acid  is  deposited  in  the  form  of  beautiful 
crimson  needles.  The  mother  liquor  is  then  poured  off,  and  the  crystals 
allowed  to  dry  on  a  porous  brick,  closely  covered  with  a  bell  glass ;  since  they 
decompose  instantly  by  contact  with  organic  matter.  When  chromic  acid  is 
brought  in  contact  with  alcohol  or  ether,  it  imparts  to  these  substances  a  por- 
tion of  its  oxyyen,  and  the  intensity  of  the  chemical  action  occasioned,  pro- 
duces an  immediate  ignition.  This  may  be  illustrated  by  projecting  a  small 
quantity  of  chromic  add  upon  a  little  alcohol  or  ether  contained  in  a  tum- 
bler. 

If  we  mix  in  a  small  mortar  as  much  chromic  add  as  can  be  taken  upon 
the  point  of  a  knife,  with  about  one  quarter  as  much  of  powdered  camphor 
(without  pressing  upon  it  strongly),  and  then  let  Ml  into  the  mortar  a  few 
drops  of  alcohol  from  a  considerable  height,  instantaneous  ignition  and  de- 
flagration ensues — like  the  burning  of  gunpowder.  The  residue  in  the  mortar, 
after  the  decomposition,  is  sesquioxyd  of  chromium,  which  presents  the  appear- 
ance of  an  elegant  green,  mossy  vegetation. — Stockhabt. 


QuESTiOKB. — ^How  is  it  prepared  for  use  in  the  arts?  What  is  the  oompositloii  of  bi- 
chromate of  potash  ?  What  is  chrome  yellow  f  How  is  chromic  acid  prepared  ?  What 
are  its  properties  f 
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5S6.  U)HiU.—Equiv(dei 
a  reddUh-gray  metal,  whic 
metallic  state,  except  as 
tioDR,  of  meteoric  iron. 

Oxfd  of  cobalt  is  remarkable  for ' 
to  ^088,  and  also  to  porcel^n.  Th 
bead  of  bonut  glara  with  a  solutioc 
tlis  flame  of  a  blow-pipe.  The  enl: 
b;  oxyd  of  cobalt,  and  then  flnetj 
a  pigment,  eapcciallj  In  the  manai 
almost  entirely  superaeded  by  the  <: 

687.  Sfinpathatle  Inki.— The  chloride  of  coiaaK,  CoCi,  iseaailjob- 
tainod  by  dissolTing  oxyd  of  cobalt  Id  bjdrochlorio  acid ;  the  solutioa,  erapor- 
Bled  to  small  bulk,  yields  niby-red  ciystals,  whii.'h  are  IVeely  soluble  in  waur. 
Hm  liquid  roBaltlDg  ftom  tbdr  aqacous  solatioo,  is  of  a  deep-blue  color  wfaea 
concmtratcd,  but  when  diluted,  is  pinlc.  In  this  latter  conditiou  it  may  be 
used  as  a  sympathetio  ink:  dtaractera  written  on  paper  with  it  are  innsible^ 
from  their  palenesa  of  color,  nntil  the  salt  bos  been  rendered  anhydroDS  l)f 
expoBore  to  heat,  when  the  letters  appear  blue.  When  the  paper  is  laid 
aode^  moisture  is  ag^n  absorbed  by  it,  and  the  wiitiug  once  more  disappetUK 
588.  TUtktl— Equivalent,  29-6  ;  Si/mbol, 'Sl—Nickvl  is 
a  brilliaut,  silver-white  metal,  extroraely  ductile,  and  more 
fusible  than  iron.  It  occurB  in  nature  associated  chiefly 
with  arsenic,  sulphur,  and  cobalt ;  but  its  ores  are  by  do 
means  abundnnt.  It  is  almost  always  found  native  in  me- 
teoric iron,  sometimes  in  a  proportion  of  10  per  cent. 

The  salts  of  nickel  are  of  a  delicate  green  color,  both  when  in  a  solid  state 
and  when  in  solution. 

The  chief  use  of  nidcol  is  in  the  manubcture  of  German  silver,  whk:b  is  a 
while,  malleable  alloy,  consistii^  in  100  parts,  oT6l  parts  of  copper,  30-6  tC 
zinc,  aod  18'4  of  nickel — the  latter  element  imparting  to  the  alloy,  when  pol- 
ighed,  a  silver-like  appearance. 

GS9.  fleaeral  Properties  of  Cobalt  and  KUkel^TbeM 
two  metals  are  especially  remarkable  ftom  the  circumstance,  that  they  almoEt 

nball*    Whit  ire  tht 
ithslic  iDkl    Whit 

mr  whu  oriti  i 


nature,  buvo  rmmly  tbe  same  chcmiCBl 
I  tbeir  cheniieal  properties.  Thej  ara 
are  reodiij  susceptible  of  maguetiam. 


32'5  ;  symbol,  Za  ;  specijic 
at  found  native,  but  its  ores 

tbe  carbODate  of  zinc,  called  caJamtne ; 
purity  and  quantiCf  at  Sterlii^,  New 
Weiuis — Uie  latter  being  uauall/  aasooi- 

ird,  bluiali-whit«  metal,  wbich  exbibita 
[t  ia  brittlQ  at  ordinary  temperature^ 
but  between  •i\ii~  anu  avu-  t.  acquires  considerable  malleability  and  due- 
tiUty  and  may  be  rolled  and  wrought  with  easo  ;  it  is  a  very  singular  &ct 
that  ^no  so  treated  retains  its  malleability  when  cold,  and  it  ia  in  this  way 
tliat  tbe  ordinary  stieet-zino  of  commerce  is  maaufaotured.  At  a  temperature 
of  400°  it  itgaiu  becomes  so  brittle  as  to  admit  of  buing  pulverized  in  a  mor- 
tar. At  770°  it  melta,  and  at  a  bright  rod  heat  it  is  volatilized.  If  its  vapor 
be  brought  in  contact  with  air,  it  bums  wilh  a  splendid  green  light,  and  is 
converted  into  oiyd,  which  falls  in  copious  wbile  flakes,  anciently  called 
■'philosopher's  wool"  Zinc,  when  exposed  to  a  moist  atmosphere,  soon 
tarnishes,  and  becomes  covered  with  a  thin  film  of  oicyd,  which  protecta  the 
metal  beneath  Qom  any  further  change.  This  property  renders  ziuo  valuable 
for  a  great  variety  of  economic  purposes. 

By  reason  of  the  volatility  of  zinc  at  high  temperatures,  it  is  reduced  from  ila 
ores  by  a  process  of  distillation  rather  than  smelting.  This  is  efieded  by  heat- 
ing a  mixture  of  pulverized  ore  and  coal  in  earthen  ret«rts,  and  condensing 
tbe  evolved  vapors  over  water,  or  in  receivers  from  whence  IVce  access  of  air 
■  Is  excluded.  The  zinc  of  commerce  always  contains  impurities,  generally 
iron  and  lead,  and  eometimcs  arsenic 

592.  Oalvaniied  Iron  is  aheet-uun  coated  with  zinc.  It  is  prepared  as 
follows  :  tbe  iron  is  Sr^t  immersed  in  dilute  sulphuric  add,  to  remove  all  scale 
or  oxyd  from  its  surBice,  and  then  plunged  into  a  bath  of  molten  zinc,  cov- 
ered with  sal-ammoniac  Tbe  use  of  tbe  latter  substance  is  to  dissolve  off 
any  adhering  film  of  oxyd  from  the  iron,  as  a  complete  union  of  the  two 
metals  will  not  occur  unteas  the  sur&ce  of  the  iron  is  chomic^ly  deatt.  The 
tbiD  ooating  of  ziac  which  adheres  to  the  iron  renders  the  latter  metal  nega- 
tively electric,  ami  prevents  its  oxydation  or  rusting,     (g  'lil.) 

(liTiiBiioMt — Wh»t  ]>  tali  of  Ihe  aimribntlim  «nd  ores  of  line  1  What  ore  Uia  proper- 
tta  ofElaDr    Hoir  lastnc  reduced  froiu  Its  oresr    Wlut  Is  galvanized  Iront 
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693.  Oxyd  of  ZinC)  2n0 . — Zinc  White. — ^Zinc  forms  only  one  com- 
pound with  oxygen,  which,  when  pure,  is  a  white  powder.  Mixed  with 
drying  oils,  it  is  much  employed  as  a  white  paint,  under  the  name  of  zino- 
white,  as  a  substitute  for  white  lead ;  it  wants,  however,  the  opacity  and  dead 
whiteness  for  which  white  lead  is  so  much  valued ;  but  has  the  advantage 
of  not  blackening  by  the  action  of  sulphuretted  hydrogen,  and  of  not  being 
deleterious  to  the  health  of  the  workmen.* 

Sulphate  of  zinc,  ZnOjSOs,  constitutes  the  white  vitriol  of  commerce ;  it 
used  medicinally  in  smaU  doses,  and  also  in  the  operations  of  calico  printing. 

The  salts  of  zinc  are  colorless,  and  act  powerfully  and  rapidly  as  emetics. 
^    594.  CadminiD)   Cd^isa  white  metal,  resembling  tin  in  appearance, 
bat  allied  to  zinc  in  its  propertie&     It  is  usually  found  in  very  small  quanti- 
ties aoeompanying  the  ores  of  zinc,  and  has  no  practical  value  in  the  arts. 


SECTION    V. 

LEAD     AND     TIN. 

695*  Lead . — Equivdlentj  103*6 ;  Symbol^  Pb  (Plumbum);  Specific  gravity^ 
1 1  '44. — ^Lead  is  rarely  found  native,  but  its  ores  are  moist  abon- 
Fm.  19B.  dant.  Almost  all  the  lead  ofcommeroe  is  obtained  from  ^ofeno, 
or  the  sulphide  of  lead,  PbS,  an  ore  which  occurs  in  bound- 
less  profusion  in  the  United  States,  especially  in  Missouri. 
The  reduction  cf  the  metal  is  easily  effected  by  crushing  the 
oro  and  subjecting  it  to  a  moderate  heat  in  a  reverberatory 
furnace.  Galena  aXways  contains  a  proportion  of  slvcr, 
which  is  sometimes  so  abundant  that  the  ore  is  worked  for 
this  metal  rather  than  for  the  lead.  When  the  galena  oc- 
curs in  bold,  well-characterized  cubes  (see  Fig.  196),  the  contained  lead  is 


*  Zinc-white  is  at  present  extensively  manufactared  fh)m  the  red  zinc  ore  fonnd  at 
Sterling,  New  Jersey,  by  an  exceedingly  interesting  and  simple  process.  The  ore,  pul- 
>  wTizcd  and  mixed  with  coal,  is  heated  in  large  ovoi-shaped  retorts  of  brick,  to  each  of 
which  a  wide  pipe  of  sheet-iron  is  fitted ;  these  extend  through  the  furnace  wall  and  con- 
nect with  a  very  large  horizontal  tube,  through  which  a  current  of  air  is  kept  moving  by 
the  revolution  of  a  fan-wheeL  The  current  thus  formed  flows  first  through  the  retorts, 
and  bums  the  vapor  of  zinc  to  oxyd ;  which  is  immediatel>  transported  by  the  draft  of 
air  through  the  continuation  of  the  tube  to  a  chamber,  where  it  falls  as  delicate  powder. 

Oxyd  of  zinc,  in  combination  with  chloride  of  zinc,  has  recently  been  applied  to  pro- 
ducing a  lustrons  hard  finish  to  the  walls  of  rooms,  in  the  place  of  plaster  of  Parisi  i. 
coat  of  oxyd  of  zinc  mixed  with  size,  and  made  np  like  a  wash,  is  first  laid  on  the  wall, 
.  Iling,  or  wainscot,  and  over  that  a  coat  of  chloride  of  zinc  applied,  being  prepared  in 
r  )  same  way  as  the  first  wash.  The  oxyd  and  chloride  efTect  an  immediate  eombliiatioiit 
and  form  a  kind  of  cement,  smooth  and  polished  as  glass. 


QmsTiONs.— What  is  said  of  oxyd  of  zinc  ?  How  is  it  prepared  ?  What  is  said  of  uul- 
phate  of  zinc  ?  What  of  cadmium  ?  What  is  said  of  the  distribution  of  lead  7  What  ii 
galena?    What  is  a  usual  constituent  of  this  ore f    ' 
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usually  nearly  pur© ;  but  a  mineral  which  will  yield  0*36  per  cent,  of  silver, 
or  120  ounces  to  the  ton,  is  considered  extremely  rich.* 

696.  PropertieH . — ^Lead  is  a  soft,  bluish-gray  metal,  which  may  be 
Tolled  into  tolerably  thin  sheets,  or  drawn  into  wire ;  its  tenacity,  however,  is 
very  feeble.  It  fuses  at  620°  F.,  and  contracts  considerably  at  the  moment 
of  its  solidification,  which  circumstance  renders  it  unsuitable  for  castings.  At 
a  temperature  above  red-heat  it  is  somewhat  volatile    <- 

The  sur&ce  of  a  piece  of  lead,  when  freshly  cut,  presents  a  high  metallic 
luster,  but  it  soon  tarnishes  by  exposure  to  the  air,  owing  to  the  formation  of 
a  thin,  closely-adherent  film  of  oxyd,  which  protects  the  metal  from  further 
change.  In  a  perfectly  dry  atmosphere,  lead  undergoes  no  alteration,  and 
even  when  sealed  up  in  a  vessel  of  pure  water,  free  from  air,  the  metal  will 
retain  its  brilliancy  for  an  indefinite  period ;  but  if  it  be  exposed  to  the  united 
action  of  air  and  •pure  water,  it  is  subject  to  a  powerful  corrosion. — Miller. 

597.  Lead,  when  taken  into  the  system  in  any  soluble  form,  is  a  dangerous 
poison ;  its  effects,  moreover,  do  not  generally  manifest  themselves  immedi- 
ately, but  the  poison  accumulates,  and  produces,  often  after  the  lapse  of  years, 
a  number  of  different  and  distressing  forms  of  disease,  such  as  colic,  paralysis, 
etc.  The  action  of  water  on  lead  is,  therefore,  a  matter  of  great  importance 
in  a  sanitary  point  of  view,  smce  this  metal  is  extensively  employed  in  cis- 
terns and  pipes,  for  the  storage  and  supply  of  water. 

The  action  of  different  waters  on  lead  varies  considerably.  Waters  which 
are  very  pure  and  highly  aerated — waters  which  contain  nitrates,  chloridei^  or 
organic  matter,  as  those  fiowing  from  the  vicinity  of  barn-yards,  manure 
heaps,  or  from  swamps  and  fields,  all  dissolve  lead  from  the  pipes  through 
which  they  pass;  and  the  constant  use  of  such  waters,  in  the  process  of  time, 
will  introduce  sufficient  lead  into  the  system  to  produce  disease.  Waters,  on 
the  other  hand,  which  contain  sulphates,  carbonates,  and  phosphates,  exert 
but  comparatively  little  action  on  lead.  Bi-carbonate  of  lime  is  especially  re- 
markable for  tlie  preservative  influence  which  it  exerts ;  and  as  this  salt  is  a 
very  common  impurity  in  water,  few  spring  waters  act  on  lead  to  a  dangerous 
extent  In  these  cases,  a  film  of  insoluble  carbonate,  sulphate,  or  phos- 
phate of  lead,  is  formed  upon  the  surface  of  the  pipe,  and  all  further  corrosion 
prevented.  Bain-water,  as  collected  from  the  roo&  of  houses,  is  for  the  most 
part  sufficiently  impure,  especially  in  cities,  to  prevent  its  action  on  lead.  So 
general,  however,  is  the  action  of  water  upon  lead,  that  it  is  rare  to  find  any 

*  So  small  a  qiumtity  of  silver  as  three  or  four  ounces  to  a  ton  of  lead,  may  be  ex- 
tracted profltablj  bj  a  process  devised  by  Mr.  Pattinson,  of  England.  It  consists  in 
melting  the  argentiferous  lead,  and  allowing  it  to  cool  slowly.  Under  these  drcumstances, 
tiie  lead  tends  to  separate  in  tae  form  of  crystals  of  pure  metal,  before  the  alloy  of  rilrer 
has  been  cooled  sufficiently  to  solidify.  By  a  careful  regulation  of  temperature,  the  great 
mass  of  the  lead  may,  therefore,  be  removed  mechanically,  leaving  the  silver  concentrated 
in  a  small  bulk  of  aUoy. 

• 

QuKBTioNS. — ^What  are  the  properties  of  lead  ?  What  changes  does  lead  undergo  in  the 
air?  What  is  said  of  the  poisonous  influence  of  lead?  What  of  the  action  of  water  on 
lead  ?    What  salts  arrest  the  action  of  water  on  lead  ?    How  do  they  effect  this  f 


374  IKOBOAKIC    OQEHISTBT. 

water  that  has  been  kopt  ia  contact  with  this  metal  Tor  a  conaiderBble  praiod, 
which  does  not  coabtia  some  traces  of  it.  Stone  and  wooden  ciatenis,  and 
tin,  Irott,  or  wood  [ripes,  are  therefaro,  grcatl/  to  be  preTerred  to  load.  When 
bad  serrice-pipea  are  used,  it  ia  alwayg  advisable  to  allow  the  water  to  nm 
lor  some  timo  before  wng. 

693.  Oxydi  0/  Lctd . — Four  distinct  oxfds  of  load  aro  rcct^^ized,  the 
looit  important  of  which  are  the  protoiyd,  PbO,  and  the  peroxyd,  PbO^ 

Protoird  of  Lead,  LUharge,  Maasicot,  PbO,  is  a  yellow  powder, 
usually  obtained  on  a  lai^  scale,  by  the  osjdution  of  molten  lead  id  a  vat- 
rent  of  air.  Its  production  may  be  illustrated  by  iVisiiig  a  small  piece  of  lead 
on  charcoal,  lieTore  tho  exterior  flame  of  a  blow-plpo.  The  melted  lead  oijd- 
atiDg,  is  at  fir^t  converted  inla  a  grayish  powder — a  mixture  of  oiyd  of  lead 
and  metallic  lead — but  by  continued  blowing,  the  gray  color  is  changed  intoo 
brilliant  yellow  -lithargo.  This  oxyd  of  load  is  a  powerfid  base,  and  is  ex- 
tensively used  in  the  art^  eapectallj  in  the  glazing  of  pottery  and  tlie  manu- 
fiicture  of  flint  glass.  United  with  fktty  acids  it  rorms  insoluble  soaps  (tho 
well-known  diachylon,  or  lead  plaster);  and  Ixaled  with  liasced-oil,  it  consti- 
tutes a  varnish  much  used  by  cabtoet-makerB. 

Bed-Lead,  or  Mlninti. ,  2  P b 0 . P b 0,,  is  a  compound  of  prol- 
oxjd  and  peroiyd  of  lead.  It  is  formed  by  exposing  proloiyd  of  lead,  Ibr  a 
long-  time,  to  the  action  of  air,  at  a  temperature  below  fusing.  It  posseffica  s 
brilliant  rod  color,  and  is  much  used  in  the  arts  in  the  manuihcture  of  glass, 
as  a  pigment,  and  for  the  coloring  of  red  Healing  wax  and  of  paper. 

BOB.  Carbonate  of  Lead,  PbO,  CO,,  — mu7«-i«Ki  — This  salt 
occurs  in  nature,  but  ia  prepared  artincially,  in  immense  quantities,  for  use  as 
a  paint  Pure  carbonate  of  lead  Is  a  soft,  whilo  powder,  insoluble  in  water, 
but  easily  dissolved  by  dilute  nitric  or  acelio  adds. 

Two  methods  are  in  use  for  making  white  lead.    One  of  tbese  consislsin 

dissolving  lithargo  in  acetic  acid,  and  precipitating  the  lead  as  carbonate,  bya 

current  of  carbonic  acid  gas.   Tho  best  white  lead  ia,  however,  made  by  a  pro- 

Plo.  19T.  CMS  known  as  the  "  Dutch  method."     A  great  numbertrf 

small  eartbcn  pots  are  partially  Gllcd  with  weak  vinegir, 

and  a  thin  sheet  ef  lead,    coiled  in  a  spiral,   placed  ia 

each.    (See  Fig.  197.)    The  pots  are  then  each  covered 

with  a  plate  of  lead,  and  arranged  in  [uwa  and  tieis,  osa 

above  the  other,  to  the  licight  of  15  or  20  feet,  and  tlio 

5  whole  finally  covered  with  decompoang  stable  mannre  or 

S  spent  tan.    After  the  lapse  of  several  montiis,  the  rolls 

of  lead  are  f^und  to  be  mostly  or  entirely  convetltd 

Into  a  pure  while  carbonate,  which  only  requires  washing  and  grinding  to  Gt 

it  Ibr  immediate  use.    The  theory  of  this  curious  process  is  as  ibilows :  tlie 

QvBTioNa.— What  oirdB  or  leal  >ra  then  t  By  irbst  nmniMi  la  proloiyd  of  Isiyl 
knoTot  Hot  !•  1(  prepured  T  WbU  am  iu  pro]i«nl»  ind  uHif  Wl»l  ia  nd.lad! 
WbalolhsrnamelatppUedbiltr    Wbal  us Ita  iu» t    Whit  ii  whlls-leadf    Hmliit 
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heat  of  the  decompoang  dung,  etc,  volntiliies  a  portjon  of  the  vinegar,  as 
acetic  acid,  and  under  the  influonce  of  air  and  otM  fumes,  a  crust  of  acetata 
erf  lead  ia  formod  upon  the  auriaoe  of  the  metol.  The  carbonio  add,  generated 
Ih>m  the  Blowdemy  and  decompaction  of  the  materials  of  the  bot-bed,  readily 
conrcrts  tMa  salt  inio  carbonate  of  lead,  leaving  the  acetic  acid  free  to  com- 
bine  with  an  edditioual  partion  of  lead,  which  is,  in  turn,  again  decomposed; 
and  this  action  is  repealed  until  the  whole  of  the  load  ia  converted  into  a  car- 
bonate. TVliite  load  is  largely  adulterated  with  sulphate  of  baryta,  bat  the 
fraud  maj  be  easily  detected  by  digesting  a,  sample  in  nitric  or  acetic  atMn, 
irhen  thd  baryta  will  remun  undissolved. 

600,  The  most  ready  solTeot  tor  lead  ia  nitric  acid ;  dilute  sulpburio  and 
hydrochloric  acids  not  acting  upon  it  to  any  great  extent. 

The  preeeoco  of  lead  in  solution  may  be  ousily  detected  by  any  of  the  fbl' 
lowing  tests:  with  sulphuric  acid  it  forms  a  white,  maolubla  precipitate— sul- 
phate  of  lead;  with  sulphuretted  bydrogeo, 
black  sulphide,  visible,  when  the  quantity  of  lei 
present  is  very  minute,  only  after  a  little  time ; 
aod  with  solutions  of  bi-chromate  of  potash  or 
iodide  of  potasuum,  yellow  precipitates. 

Zinc  precipitates  lead  itom  its  solution  by  vol- 
taic action,  in  the  form  of  crystalline  metallic 
^particles,  forming  what  is  known  as  the  Icad- 
trco.     (F^.  laa.     §  255.) 

In  CB.<(0  of  poisoning  by  a  dose  of  soluble  lead 
salts,  the  best  antidote  is  Epsom  salts  (sulphate . 
of  magnesia),  with  vrhich  the  lead  forms  an  in- ' 
soluble  and  inert  sulphate.  This  remedy,  how- 
ever, is  ineffectifal  in  the  more  usual  forms  of  lead-poisoning,  in  which  the 
metal  is  introduced  Into  the  system  in  minute  quantities,  in  water  or  in  articles 
of  diet. 

SOI.  Allocs  of  Load. — Tho  alloys  of  lead  are  numeroua and  impor- 
tant. Shot  ia  an  alloy  of  lead,  with  a  small  proportion  of  arsenic,  whi<h 
hardens  it,  and  fecilitates  its  separation  into  globules.  In  the  manufk^uro 
of  shot,  the  lead  ia  melted  at  tho  top  of  high  towers  built  for  the  purpose, 
and  poured  into  a  vessol  perforated  in  the  bottom  with  numyroua  small  holes. 
The  lead,  in  running  through,  is  separated  into  drops,  which  falling  through 
the  height  of  tho  tower,  become  spherical,  and  coot  before  reaching  q  reaer- 
voh"  of  water  placed  for  their  reception  at  the  base  of  the  lower.  For  the 
manulaotijre  of  tlie  largest  sised  shot,  a  tower  of  at  least  150  feet  high  is 
reqmred.  Shot  are  proved,  and  the  different  sizes  separated,  by  rolling  thecn 
down  an  inclined  board.  Those  which  are  irregular  in  shape,  roll  oS  at  ths 
sides,  or  atop,  while  the  perfectly  spherical  ones  continue  in  a  straight  course. 

Qcunon.— Wlut  ia  the  mogt  rwdj-  Balrent  of  lemd  t  How  msy  the  pmeniH  of  l«d 
In  lolutlaD  be  dfltaOfld  F  What  mrfl  feacidoiw  iolotd-potniilngT  Uow  txa  shot  mimafiko 
tured  I    Whit  l»  Iheir  compaction  1    How  irs  ibat  proved  ? 
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Type-metal  is  an  alloy  of  3  parts  load  and  1  of  antimony.  This  alloy  ia  suffir 
ciently  fusible  to  allow  of  its  being  readily  cast,  and  it  expands  at  the  mo- 
ment of  solidification,  and  copies  the  mold  aocoratcly.  Solder  is  an  alloy  of 
lead  and  tin. 

602.  Tin r— Equivalent,  59;  Symbol^  Sn  (Stennum); 
Specific  gravity^  7'29. — Tin  occurs  in  nature  usually  as  at3 
oxyd,  but  sometimes  as  a  sulphide. 

Its  ores  are  very  sparingly  distributed  over  the  earth — ^the  most  important 
tin-mines  being  those  of  Cornwall,  England,  and  Malacca,  in  Southern  Asia. 
It  is  also  mined  to  a  limited  extent  in  Germany,  and  in  a  few  localities  m 
Mexico  and  South  America.  It  has  hitherto  only  been  discovered  in  one 
locality  in  the  United  States,  at  Jackson,  N.  H.,  in  very  small  quantities. 

Tin  of  two  qualities,  as  regards  purity,  is  recognized  in  commerce,  viz., 
"  block"  or  "  bar"  tin,  and  "  grain"  tin ;  the  latter  being  a  refined  metaL 

603.  Properties . — ^The properties  which  characterize  tin  and  render 
it  valuable  in  the  arts,  are  its  malleability,  fiisibility,  softness,  silver-like  color 
and  luster,  and  espedally  its  slight  affinity  for  oxygen,  which  enables  it  to 
retain  its  brilliancy  at  ordinary  temperaturesi  in  the  presence  of  air  and  moist- 
ure. Tin  melts  at  442^  F.  If  heated  above  this  point  it  is  not  sensibly 
volatilized,  but  becomes  rapidly  oxydized,  and  bums  with  a  brilliant  white 
light  When  a  bar  of  metallic  tin  is  bent  backward  and  forward,  it  has  a 
peculiar  creaking  .or  crackling  sound,  which  is  termed  the  "  tin  cry ;"  this 
is  due  to  the  crystalline  texture  of  the  tm,  the  crystals  moving  upon  each 
other.  Tin  is  almost  insoluble  in  dilute  sulphuric  acid,  and  dissolves  slowly 
in  hydrochloric  acid.  Nitric  acid  acts  upon  it  with  great  violence,  not  dis- 
solving  the  metal,  but  converting  it  into  a  white  powder,  the  binoxyd  of  tin. 
This  reaction  may  be  easily  illustrated  by  pouring  dilute  nitric  acid  upon  a 
little  tui-foil  in  a  porcelain  dish.  The  binoxyd  of  tin  thus  formed,  when  ren- 
dered anhydrous  by  ignition,  constitutes  the  putty  powder  used  for  polishing 
glass,  and  for  the  manufacture  of  enamels. 

604.  With  oxygen  lin  unites  to  form  several  oxyds,  the  principal  of  whldi 
are  the  protoxyd,  SnO,  and  the  peroxyd  or  binoxyd,  SnOs.  This  last  oxyd 
in  its  hydrated  condition,  has  the  character  of  an  acid,  and  ia  then  known 
as  stannic  acid,  SnO),  HO.  Tin  also  unites  with  chlorine  to  form  two  chlor- 
ides, the  protochloride,  SnCl,  and  the  perchloride,  SnCls.  The  last-named 
cliloride  is  an  old  and  very  curious  compound,  which  was  formerly  called  the 
** fuming  liquor  ofLibavius.^  It  is  a  dense,  fuming  liquid,  prepared  by  ex- 
posing melted  tin  to  the  action  of  dry  chlorine.  A  preparation  of  bi-cliloride 
of  tin  is  extensively  used  in  dyeing  as  a  mordant  A  bi-^ulphurti  of  tin,  SnS*, 
formed  by  exposing  to  a  low  red  heat  in  a  glass  flask  a  mixture  of  12  parts 

QmnnoKB. — What  is  type-metal  ?  What  is  solder  f  What  is  said  of  the  ocenrreneo 
and  distribution  of  tin  ?  What  two  qaalittes  of  tin  are  knoim  in  commerce  t  What  are 
the  characteristic  properties  of  tin  t  What  is  **  tin-cry  r*  What  is  the  action  of  adds 
npon  tin  f  What  is  putty  powder  f  What  are  the  principal  oxyds  of  tta  ?  What  is  said 
of  the  cMoridoB  of  tin  f    What  is  the  composition  of  bronse  powders  ? 
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tini  6  tnercnryj  6  sal-ammoniac^  and  t  flowers  of  sulphur,  is  of  a  brilliant 
gold  color,  and  is  known  as  mosaic  gold.  It  constitutes  tlie  well-known 
bronze  powders  used  in  printing  and  in  the  manu£icture  of  paper-hangings. 

605.  The  useful  applications  of  metallic  tin  are  very  numerous.  Tin-plate^ 
of  which  ordinary  articles  of  tin-ware  are  made,  is  sheet-iron  superficially 
coated  with  tin.  It  is  prepared  by  first  rendering  the  sur&ce  of  the  iron 
chemically  clean  by  the  action  of  acids,  and  then  immersing  the  sheet-metal 
for  a  considerable  length  of  time  in  a  balh  of  molten  tin ;  the  union  of  the  two 
metals^  thus  effected,  is  not  a  case  of  simple  adhesion,  but  the  tin  forms  with 
the  iron  an  alloy.  Bntanniormetal,  which  is  much  used  for  the  manufacture  of 
tea-pots  and  cheap  spoons,  consists  of  equal  parts  of  tin,  brass,  antimony,  and 
bismuth.  Pewter  of  the  best  quality,  consists  of  4  parts  tin  ard  I  of  lead. 
Ordinary  brass  pins  are  tinned,  or  whitened,  by  boiling  them  in  a  vessel  con- 
taining tin  in  a  finely-divided  state,  and  a  solution  of  cream  of  tartar  in  water. 
The  acid  of  the  cream  of  tartar  effects  a  solution  of  some  of  the  tin  in  the 
first  instance,  which  on  longer  boiling  separates  as  a  metal  upon  the  more 
electro-positive  brass. 

SECTION   YI. 

OOP PER    AND    BISMUTH. 

606.  Copper . — Equivalent^  31-t ;  Symbol,  Cu  (Cuprum) ;  Specific  gravity, 
8*9. — Copper  is  frequently  found  native,  generally  in  small  crystals,  but  some- 
times in  immense  masses,  as  in  the  mines  on  Lake  Superior.  Its  ores,  also, 
are  numerous  and  abundant — the  most  important  being  the  sulphurets  of 
copper,  and  the  red  oxyd.  '  Carbonate  of  copper,  constituting  the  beautiful 
green  mineral  Tnalachite,  is  also  found  in  sufficient  abundance  in  some  locali-> 
ties  to  admit  of  working— especially  in  Siberia,  Eastern  Africa,  etc 

607.  Properties . — Copper  is  one  of  the  metals  which  has  been  longest 
known  to  man,  and  was  extensively  used  long  before  the  workmg  of  iron 
was  understood.  It  is  moderately  hard,  tenacious,  ductile,  and  malleable, 
and  is  the  only  metal,  with  the  exception  of  titanium,  which  has  a  red  color. 
Copper  requu-es  a  high  degree  of  temperature  for  fusion  (1990°  F.),  and  when 
exposed  to  an  intense  heat  is  somewhat  volatile — ^its  vapor  burning  with  a 
green  flame.     It  is  one  of  the  best  conductors  of  heat  and  electricity. 

At  ordinary  temperatures,  in  a  dry  atmosphere,  copper  remains  unchanged, 
but  when  exposed  to  a  moist  air  it  quickly  tarnishes,  and  ultimately  becomes 
covered  with  a  strongly-adherent  green  crust,  consisting  chiefly  of  carbonate. 
Pure  water  has  little  or  no  action  upon  copper,  but  in  sea-water,  or  solutions 
of  the  chlorides,  it  is  gradually  corroded.  The  corrosion  and  waste  of  the 
copper  sheathing  of  ships  is  due  chiefly  to  the  oxygen  contained  in  sea-water, 

QUBtnoivs. — What  is  tin-plate  f  What  is  Britannia-metal  ?  What  Ib  peirter  ?  How 
are  pins  whitened  ?  What  is  said  of  the  oocurrenoe  of  copper  in  natnref  What  are  its 
chief  properttes?  What  is  the  durability  of  copper  In  yarions  situations  Y  What  occa- 
sions the  corrosion  of  copper  sheathing  ? 
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and  to  the  friction  of  the  water ;  the  corrosion  being  greatest  at  tliose  points 
where  the  bubbles  of  air  inclosed  in  the  water,  by  the  surging  at  the  bow, 
rise  to  the  surface  and  break  against  the  bottom  of  the  yesaeL  Corrosion  of 
a  ship's  sheathing  is  also  slow  in  mid-ocean  compared  to  what  it  is  at  the 
mouths  of  tropicsd  rivers^  or  in  harbors,  where  the  water  is  Med  with  par- 
ticles of  organic  matter  in  a  state  of  decomposition. 

608.  The  most  ready  solvent  of  copper  is  nitric  acid.  (§  344  )  Many  of 
the  weak  vegetable  acids  also  attack  metallic  copper,  but  dilute  sulphuric  and 
hydrochloric  acids  have  scarcely  any  action  upon  it  i 

609.  The  two  principal  oxyds  of  copper  are  the  protoxyd,  or  black  oxyd, 
CuO,  and  the  suboxyd,  or  red  oxyd,  CutO. 

610.  Protoxyd  of  Copperisthe  basis  of  all  the  ordmary  salts  of 
copper.  It  is  prepared  by  heating  metallic  copper  to  redness  in  a  current  of 
air,  and  then  suddenly  quenching  it  in  cold  water ;  or  morQ  oonyeniently  by 
decomposing  the  nitirate  of  copper  by  heating  it  to  redness — ^the  product  in 
the  first  instance  being  black  scales,  and  in  the  last  a  dense  black  powder. 
It  may  also  be  obtained  as  a  hydrate  of  light  blue  color  by  the  addition  of 
caustic  potash  to  a  solution  of  any  of  its  salts,  (as  blue  vitriol).  Protoxyd  of 
copper  is  a  compound  of  considerable  importance  in  chemistry  and  the  arts; 
when  mixed  with  oiganic  substances,  and  heated,  it  gives  up  all  its  oxygen, 

p^     ,  gg  and  is  honce  much  used  to  eflfect  the 

complete  combustion  of  these  bodies  in 
a  process  by  which  their  elementary 
composition  is  determined;  it  is  also 
used  for  imparting  to  glass  and  porcelain 
^  a  beautiful  green  color. 

Suboxyd  of  copper  is  found  native, 
and  may  be  prepared  by  heating  a  mix- 
ture of  5  parts  of  black  oxyd  and  4.  parts 
of  fine  copper  filings  in  a  covered  crucible ;  the  red  coating  which  is  formed 
when  metieillic  copper  (as  a  cent,  for  example,  see  Fig.  199)  is  slightly  heated 
and  suddenly  cooled,  is  also  suboxyd  of  copper.  Its  principal  industrial 
value  is  for  imparting  to  glass  a  beautiful  ruby  or  purple  color. 

611.  Sulphate  of  Copper,  Blue  vitriol,  CuO,SOs,  is  one  of  the  most 
important  of  the  salts  of  copper,  and  is  formed  by  heating  metallic  copper 
with  concentrated  sulphuric  acid.  It  crystallizes  in  beautiful  blue  ciystals, 
and  is  soluble  in  4  parts  of  cold  and  2  of  boiling  water.  Laige  quantities  of 
this  salt  are  used  in  calico-printing,  in  the  preparation  of  most  of.  the  other 
salts  of  copper,  and  as  an  agent  for  exciting  galvanic  batteries  Wood  steeped 
in  a  solution  of  sulphate  of  copper  is  protected  against  dry-rot,  and  a  wash 
of  it  on  the  wood-work  of  cellars  is  highly  serviceable  in  preventing  the 
formation  of  mold.  Animal  substances  thoroughly  imbued  with  it  and  then 
dried,  remain  unaltered. 

•■  ■ ■ ■■■■■■■  m  ■■■  — —         ■■■  »    -    -■— — -^— ■■  I  ^      I  ^  - 

QUBsnoNS.— What  is  the  most  ready  aolTont  of  copper  ?  What  are  the  two  principal 
oxyds  of  copper  t  What  is  said  of  protoxyd  of  copper?  What  of  saboxyd  of  copper  ? 
What  is  the  compositton  of  Uue  vitriol  t    What  an  its  uses  and  properties  7 
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612.  Nitrate  of  Copper,  CuO,  SOs,  is  a  beautiful  blue,  efflor- 
escent salt,  formed  by  dissolving  metallic  copper  in  nitric  acid.  It  is  highly 
corrosive,  and  easily  decomposed.  Its  tendency  to  decomposition  may  be  il- 
lustrated by  closely  enveloping  a  few  moist  crystals  of  nitrate  of  copper  in 
tin-foil,  and  placing  the  parcel  upon  a  porcelain  dish ;  the  affinity  of  the  tin 
for  the  nitric  acid  in  a  short  time  occasions  intense  chemical  action,  accom- 
panied by  the  phenomenon  of  ignition ;  a  paper  also,  moistened  with  a  strong 
solution  of  this  salt,  cannot  be  rapidly  dried  without  taking  fire  from  the  de- 
composition of  the  nitric  acid. 

613.  Verdigrifl . — Sub- Acetate  of  Copper, — ^Verdigris  Is  a  salt  of  acetic 
acid  (the  acid  of  vinegar)  and  oxyd  of  copper.  It  may  be  formed  experi- 
mentally by  moistening  from  time  to  time  a  copper  coin  with  vinegar,  which 
occasions  the  production  of  a  green  coating.  It  is  prepared  on  a  large  scalo, 
either  directly  fix)m  copper  and  vinegar  (green  verdigris),  or  indirectly  by 
spreading  the  refuse  of  pressed  grapes  upon  plates  of  copper  exposed  .to 
the  air ;  in  this  latter  case  the  juice  adhering  to  the  mash  gradually  changes 
to  vinegar,  and  forms  blue,  or  French  verdigris.  This  salt  is  much  used  in » 
the  aits  as  a  pigment. 

614.  Characteristics  of  the  Salts  of  Copper . — Most  of 
the  salts  of  copper  have  a  blue  or  green  color,  and  nearly  all  are  soluble  in 
water.  They  are  distinguished  by  a  nauseating  metallic  taste,  and  when 
taken  internally  act  as  deadly  poisons,  producing  violent  vomiting,  followed 
by  exhaustion  and  death.  Black  oxyd  of  copper  is  soluble  in  oils  and  fats, 
80  that  greasy  matters  boiled  in  an  copper  saucepan  which  is  not  kept  bright, 
aro  liable  to  become  impregnated  with  the  metal ;  verdigris  may  also  be  in- 
troduced into  food  from  the  cooking  of  acid  vegetables  or  fruits  in  copper 
vessels  ;  the  use  of  copper  in  domestic  economy  ought,  therefore,  to  be  dis- 
pensed with  as  far  as  practicable.  The  best  antidote  against  copper  poison- 
ing is  raw  white  of  eggs,  the  albumen  of  which,  by  forming  an  insoluble 
compound  with  the  metal,  renders  it  inert.  Milk,  or  sugar  mixed  with  iron 
filings  are  also  efficacious. 

615.  Alloys  of  Copper . — ^The  alloys  of  copper  are  extensively  used 
in  the  arts.  Brass  is  an  alloy  of  copper  and  zinc;  the  usual  proportions 
being  66  parts  of  copper  and  34  zinc.  By  varying  the  proportions,  howevci; 
the  varieties  of  brass  known  as  "red  metal,"  "pinchbeck,"  "Muntz,"or 
sheathing  metal,  etc,  may  be  obtained.  Gun-7netalj  used  in  the  fabrication 
of  brass  ordnance,  is  an  alloy  of  90  parts  of  copper  and  10  of  tin.  BeU-metal 
and  speculum-metal  contam  a^arger  proportion  of  tin.  Bronze  for  statuary 
consist  of  91  parts  copper,  2  of  tm,  6  of  zinc,  and  1  of  lead.  The  brass  of 
the  ancients  was  an  alloy  of  copper  and  tin. 


Qttestiokb ^What  is  said  of  nitrate  of  copper  ?  What  is  verdigris  ?  Iloir  is  it  pre- 
pared ?  What  are  the  characteristics  of  the  salts  of  copper  ?  Why  is  the  use  of  copper 
resselB  in  culinary  operations  unadvisable  X  What  is  the  best  antidote  against  copper 
poisoning  ?    What  is  brass  ?    What  is  gun-metal—bell-metal— bronse  ? 
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616.  Biimnth  is  a  reddish-white,  hard,  brittle  metal, 
which  is  generally  found  native  in  small  quantities. 

It  crystallizes  from  fusion  in  cubic  crystals  of  great  brilliancy.  Its  principal 
employment  is  in  the  preparation  of  alloys,  a  slight  admixture  of  it  increasing 
the  fusibility  of  several  metals  to  a  remarkable  extent  Oxyd  of  bismuth  is 
used  to  some  extent  in  medicine,  and  also  as  a  cosmetic  (pearl  powder). 

SECTION    YII. 

URANIUM,  TANADTUM,   TUNGSTEN,    COLUMBIUM,   TITANIUM,   MOLYBDENUM, 

NIOBIUM,    PELOPIUM,   ILMENIUM,   ETa 

6  It.  All  these  metals  are  very  sparingly  distributed  over  the  surface  of  the 
earth,  and  some  of  them  are  so  rare,  thtlt  they  have  been  seen  by  only  a  few 
chemists.  Uranium  and  titanium  are  used  to*  some  extent  for  the  coloratioii 
of  porcelain  and  enamels ;  and  molybdenum,  in  combination,  as  molybdate  of 
ammonia,  constitutes  the  most  delicate  known  test  of  the  presence  of  phos- 
phoric acid  in  solution. 

SECTION    VIII. 

ANTIMONY    AND    ARSENIC. 

618.  kntimonj ,—Equivalenty  12-9;  Symbol^  Sb.  (Stib- 
ium).— Antimony  is  a  bluersh-white  metal,  with  a  highly 
crystalline  texture,  so  brittle  that  it  may  be  easily  reduced 
in  a  mortar  to  a  fine  powder.* 

When  exposed  to  air  and  moisture,  at  ordinary  temperatures,  it  undc^ 
goes  no  change;  but  if  heated,  it  burns  brilliantly,  emitting  copious  white 
fames,  which  consist  chiefly  of  a  teroxyd  of  antimony.  A  very  interesting 
experiment  consists  in  fusing  a  little  of  the  metal  on  charcoal  before  the  blow- 
pipe, and  projecting  the  melted  globule  upon  the  floor  or  an  inclined  board; 
tiie  moment  it  strikes  the  hard  suriace,  it  bursts  into  a  multitude  of  little 
spheroids,  which  radiate  in  all  directions,  leaving  a  traU  of  white  smoke  (oxyd) 
behind  them.  Antimony  is  not  used  by  itself  in  the  arts,  but  it  enters  into 
the  composition  of  several  important  alloys,  as  type  metal,  Britannia  metal, 
etc  Finely-powdered  antimony,  sprmkled  into  a  jar  of  chlorine  gas,  ignites, 
and  occasions  a  miniature  shower  of  fire. 


*  Antimony  iras  first  made  knoirn  by  Basil  Valentine,  an  alchemist  and  monk,  of  Er- 
farth,  Oermany.  The  etymology  of  its  name  is  said  to  be  due  to  the  following  eircuin< 
stance :  its  discoverer  haying  observed  that  its  effects,  when  administered  to  hogs,  were 
ini^e'^^ftl,  tried  it  upon  his  fellow-monks.  The  result  of  the  experiment,  howerer,  wu 
that  the  monks  sickened  and  died — ^hence  the  name  a7|fimoins,  anti-monk,  anlimmiy, 

QuESTioirs.— What  is  said  of  bismuth  f  What  are  its  uses  ?  What  is  said  of  uraniom, 
titanium,  and  molybdenum  J  What  of  antimony?  What  are  the  properties  of  antimony  I 
What  its  industrial  uses  t 
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619.  Antimony  forms  three  oxyds,  the  most  important  of  which  are,  the 
teroxyd  of  antimony,  SbOg,  and  antimooic  acid,  SbOs. 

620.  The  compounds  of  antimony  are  remarkable  for  their  medicinal  ef^ 
fecta,  and  are  classed  in  pharmacy  among  the  important  remedial  agents. 
When  taken,  however,  in  inordinate  doses,  they  act  as  poisons.  Tartar 
emetic  is  a  double  salt  of  tartrate  of  potash  and  tartrate  of  antimony.  It  is 
formed  by  boiling  oxyd  of  antimony  with  cream  of  tartar,  which  last  is  a  salt 
of  potassa  and  tartaric  acid,  containing  free  acid;  this  free  acid  combines 
with  the  oxyd  of  antimony,  and  thus  forms  a  double  salt.  Tartar  emetic,  dis- 
solved in  shofry  wine,  in  the  proportion  of  two  grains  of  the  former  to  a  fluid 
ounce  of  the  latter,  forms  the  well-known  **  wme  of  antimony." 

Sulphuretted  hydrogen,  added  to  solutions  of  antimony  (as  a  solution  of  tar- 
tar emetic  in  water),  precipitates  the  metal  in  the  form  of  a  peculiar  and  highly 
charact?ri3tic,  orange-colored  sulphuret 

621.  Arsenie. — Equivalent^  75;  Symbol,  As. — Arsenic 
is  sometimes  found  native,  but  generally  occurs  in  the 
form  of  an  alloy  with  some  other  metal,  especially  with 
iron,  cobalt,  nickel,  copper,  or  tin. 

The  greater  part  of  the  arsenic  of  commerce  is  obtained  in  Silesia,  in  Ger- 
many, by  roasting,  in  fUmaces,  a  double  sulphuret  of  iron  and  arsenic,~called 
mispickel,  or  the  arsenides  of  nickel  and  cobalt.  The  arsenic,  volatilized  by 
heat  in  the  form  of  an  oxyd — arsenious  add — is  condensed  and  collected  in 
the  form  of  a  white  powder  in  large  chambers,'  into  which  the  flues  from  the 
furnace  open.* 

Metallic  arsenic  may  be  obtained  by  heating  arsenious  acid  with  powdered 
charcoal  in  a  tightly-dosed  crucible.  It  is  a  dark,  steel-gray  colored  metal, 
extremely  brittle,  and  may  be  easily  reduced  to  powder.  It  is  sold  by  drug- 
gists under  the  very  objectionable  names  of  fly-powder^  fly-poiaon^  cobalt^  etc. 
When  heated,  it  volatilizes  without  fusion ;  and  if  air  be  present,  it  oxydizes 
to  arsenious  add.  Its  vapor  has  a  remarkable  odor  of  garlic,  which  is  so  pe- 
culiar and  noticeable,  that  it  is  regarded  as  one  of  the  characteristic  tests  of 
the  presence  of  this  element ;  this  odor  is  easily  recognized  by  heating  a  frag^ 
mcnt  of  arsenic^  or  arsenious  acid  on  charcoal  before  the  blow-pipe. 

022.  The  oxyds  of  arsenic  are  two : — Arsenious  add,  AsOa,  and  arsenio 
add,  AsOs. 

*  The  opening  of  these  chambers,  and  the  removal  of  arsenic,  is  a  task  of  great  danger, 
and  is  performed  about  once  in  six  weeks.  The  workmen  engaged  in  the  operation,  as 
protection  against  the  poison,  are  completely  encased  in  leather,  with  glased  apertures  for 
the  Gjv'S.  Thej  also  wear,  in  addition,  damp  cloths  over  their  months  Ad  nostrils,  in 
order  to  prerent  the  inhalation  of  minutely-divided  partides. 

QuEBTiONft. — ^What  are  the  chief  oxyds  of  antimony?  What  is  tartar-emetic f  What 
is  wine  of  antimony?  What  is  a  characteristic  test  of  antimony  in  solution?  In  what 
form  does  arsenic  occur  naturally?  How  is  the  arsenic  of  commerce  prepared  ?  What  ia 
said  of  metallic  arsenio  t    What  of  its  oxyds  ? 
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Arieniont  Acid)  kn Os. —  WhUe  ArseniCj  Rafs-bane. — ^This  oxyd  is 
the  Bubstanoe  to  which  the  name  arsenic  is  popularly  applied,  and  is  the  well- 
known  poison.  It  occurs  in  commerce  as  a  white  powder,  but  when  fineshly 
sublimed  it  assumes  the  appearance  of  a  temi-transparent  solid,  which  gradu- 
ally becomes  opaque  and  white,  like  porcelain.  It  is  soluble  in  about  11  parts 
of  boiling  water,  but  to  a  rery  much  less  extent  in  cold  water.  Its  solnticm 
is  colorless^  and  almost  tasteless^  which  circumstances  greatly  £icilitate  its  em- 
ployment for  criminal  purposes.  It  dissolves  fteely  in  hot  hydrochloric  acid, 
and  in  solutions  of  the  alkalies. 

Arsenious  acid  combines  with  bases  to  form  arsenitea :  arsenite  of  potash  is 
used  in  medicine  under  the  name  of  FbwUr's  sohUion ;  and  arsenite  of  copped 
constitutes  the  delicate  and  beautiful  green  pigment  known  in  commerce  as 
Schedn^s  green.  Its  poisonous  properties  have  also  been  taken  advantage  of 
for  the  destruction  of  vermin.  To  destroy  rats  and  mice,  the  poiaoii  should 
bo  mixed  with  flour  or  lard,  but  not  in  too  lai^  a  quanlity;  or  these  animals 
will  not  touch  it*  Arsenious  acid,  when  placed  In  contact  with  organic  sub- 
stances, prevents  their  dopay,  and  may  be  hence  used  with  advantage  for  the 
preservation  of  stuffed  and  dried  objects  of  natural  history.f 

623.  Arsenic  Acid,  AsOi,  is  formed  by  treating  arsenious  add  with 
nitric  add,  and  evi^rating  the  solution  to  dryness.  It  unites  with  metallic 
oxyds  to  form  m^eniaUs:  l^e  arseniate  of  potash  bdng  used  to  a  very  great 
extent  in  calioo  printing,  not  so  much  to  produce  colors  as  to  prevent  their 
adbercnee  to  certain  portions  of  the  iabria  , 

Arsenic  combines  with  hydrogen  to  form  a  volatile  and  highly  poisonous 
gas— arsentttre/^  hydrogen.  There  are  also  several  compounds  of  arsenic 
and  sulphur,  whidi  are  used  as  pigments  and  in  pyrotechny :  reaJgar^  AsSs, 
13  a  beautiful  rod  pigment^  and  is  a  principal  constituent  of  the  so-called  white 
Indian  fire^  often  used  as  a  signal-li^ht;  orpimeni^  AsSs,  is  a  golden  yellow 
pigment ; — ^both  of  these  substance^  are  found  native. 

624.  Arsenic  forms  alloys  with  most  of  the  metals,  which  are  generally  brit- 
tle and  easily  fusible.    Its  presence  in  iron  is  highly  injurious. 

*  If  the  poison  Is  put  in  stables,  the  receptacles  of  meal  and  fodder  should  be  carefully 
covered  orer,  that  the  poisoned  rats  may  not  Toinit  the  poison  into  them. 

t  It  is  best  used  for  this  purpose  In  the  form  of  an  arsenical  soap,  which  may  be  pre- 
pared by  mixing  100  parts  of  white  soap,  103  of  arsenious  acid,  86  carbonate  of  potash,  15 
camphor,  and  12  quicklime.  The  soap  is  to  be  scraped  and  melted  with  a  little  water  at 
a  gentle  heat ;  then  add  the  potassa  and  the  lime;  and  mix  them  well  together — the  arsen- 
ious 4icid  is  afterward  added  gradually,  and  well  incorporated.  The  camphor  is  reduced 
to  powder  by  rubbing  it  In  a  mortar,  with  the  addition  of  a  few  drops  of  strong  alcohol, 
and  when  the  soap  is  cold  this  is  #ell  mixed  in.  A  portion  of  the  soap  dissolTed  in  water 
ii  applied  to  Uie  preparations  by  means  of  a  earners  hair  penciL  It  constantly  exhales 
the  odor  of  arseniuretted  hydrogen,  and  effectually  destroys  insects  and  their  eggs. — 
Dumas. 


QuEsnoNS. — ^What  is  said  of  the  arsenic  of  the  shops  f  What  are  the  properties  of  ar- 
senious acid?  What  are  its  salts  termed?  What  is  Fowler's  solution?  What  is 
Scheele*  green?  What  are  the  uses  of  arsenic?  What  is  arsenic  acid?  What  are  its 
salts  called  ?    Wliat  are  its  uses  ?  -Wliat  is  said  of  the  other  compounds  of  arsenic  ? 
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623.  CharaeteristicR  and  Te§ts  for  Arsenic. — Tbe  com. 
pounds  of  this  metal  are  all  highly  poisonous,  either  when  taken  into  the  sto- 
mach, when  applied  to  wounds,  or  when  inhaled  as  vapor.  The  most  effectual 
antidotes,  in  cases  of  ordinary  poisoniiig  by  it,  are,  first,  a  powbriul  emetic,  and 
then  the  free  administration  of  the  hydrated  oxyd  of  iron  suspended  in  water 
(§  567) ;  if  this  is  not  at  hand,  calcined  magnesia  may  bo  used.  In  the  ab- 
sence of  either  of  these  substances,  the  white  of  eggs,  milk,  sugar,  and  soap- 
suds are  beneficial,  (this  latter  observation  applying  also  to  almost  all  other 
cases  of  poisoning).  Prompt  action  is^  however,  necessary,  as  arsenic  is 
a.  most  always  &tal  when  time  is  allowed  for  its  absorption  into  tlie  system 
ill  Sufficient  quantity. 

Tbe  frequent  employment  of  arsenic  as  an  agent  in  poisoning,  has  induced 
chemists  to  study  its  nature  and  compounds  so  carefully,  that  its  detection 
when  present  in  the  body,  in  the  materials  which  have  passed  frpm  the  body, 
in  food  or  in  liquids,  is  a  matter  of  certainty.  Even  though  the  quantity  be 
too  minute  to  be  weighed,  its  existence  in  a  substance  may  be  absolutely  de- 
monstrated and  made  visible  to  the  eye.  Lapse  of  time  can  not  wholly  de- 
stroy this  chemical  evidence ; — ^the  body  with  which  the  arsenic  has  jbecomo 
incorporated  may  decay,  but  the  poison  remains  unchanged,  and  may  bo 
recognized  even  after  the  lapse  of  years.* 

626.  An  investigation  for  the  detection  of  arsenic,  in  cases  where  a  criminal 
prosecution  involving  reputation,  and  perliaps  life,  depends  upon  the  issue, 
should  be  intrusted  only  to  a  profossional  chemist,  but  a  description  of  the 
tests  employed,  and  of  the  methods  by  which  evidence  can  be  accumulated, 
are  matters  of  general  interest 

An  exceedingly  delicate  test  known  as  "  Marsh's  test,'*  depends  upon  the 
property  which  arsenic  possesses  of  forming  a  gas  with  hydrogen,  and  de- 
positing itself  in  the  metallic  state,  upon  Uie  surlaco  of  a  cold  plate  held 
over  the  flame  of  the  burning  gaa  The  experiment  is  made  by  generating 
hydrogen  in  the  usual  manner  fix>m  zinc,  water,  and  sulphuric  acid,  in  a  glass 
flask,  and  allowing  it  to  escape  through  a  perforated  cork  and  lube  of  glasv 
drawn  down  to  a  fine  point  (See  Fig.  200.)  The  hydrogen  evolved  should 
first  be  tested  by  burning  it  against  a  porcelain  plate  to  prove  that  it  is  free 
firom  arsenic^  and  then  the  suspected  liquor  is  to  be  introduced  into  fbe  ap- 
paratus. (For  the  purpose  of  experiment  a  few  drops  c^  a  solution  of  arsenious 
acid  in  water,  or  hydrochloric  acid,  may  be  used).  If  arsenic  is  present,  the 
flame  of  hydrogen,  when  brought  in  contact  with  the  sur&oe  of  a  cool  white* 

*  In  cases  of  arsenical  poisoning,  pntrelaction  of  the  body  after  death  Is  retarded  in  a 
zcmarkable  degree ;  and  In  many  eases  where  the  body  has  been  disinterred  several  months 
after  death,  it  has  been  found  sufficiently  preserred  from  decay  to  allow  many  of  the 
principal  internal  organs  to  be  distinguished.  In  one  instance,  in  France,  conyicUon  of 
poisoning  by  arsenic  was  obtained  on  evidence  proet^red  by  the  celebrated  chemist  Or- 
fill4,  from  tiie  remains  of  a  person  who  had  been  dead  for  a  lengthy  period  of  years. 

'  _  I        1  ■  r^^  I  ■ . II  I     I  I  ' 

QunnoRl.— What  is  said  of  the  poisonous  effects  of  arsenic  f  What  of  its  antidotes  ? 
What  i»  isid  «f  its  detection  in  the  body,  or  in  other  substanoesr  What  is  Marsh's 
test? 
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plate,  or  saucer,  will  deposit  a  smooth  black  or 
brown  spot  (a  littk  mdoJUc  mirror).  One  other 
metal — antimony — ^wiU  give  the  same  reaction, 
but  a  drop  of  an  aqueous  solution  of  chloride* 
of  lime  instantly  dissolves  the  arsenic  spot,  bat 
leaves  the  antimony  unaltered.  If  the  arseni- 
uretted  hydrogen  gas  be  conducted  through  a 
glass  tube  heated  at  one  point  over  a  spirit- 
lamp,  metallic  arsenic  will  be  deposited  in  the 
colder  part  of  it,  forming  a  beautiful  incrus- 
tation. 

Sulphuretted  hydrogen  precipitates  arscme 

firom  its  solutions  in  the  form  of  a  sulphnret  of 

arsenic,  of  a  rich  lemon  color.     This  is  a  very 

*  accurate  test^  and  so  delicate  that  the  yellow 

tint  is  apparent  when  only  a  ten-thousandth  part  of  arsenious  acid  is  present, 

and  a  precipitate  when  the  proportion  is  as  1  part  of  arsenious  add  to  80,000 

of  water. 

Reduction  of  the  metal  from  its  oxyds  or  sulphurets  is  a  test  much  relied 
on  in  judicial  investigation.  This  may  be  effected  by  introducing  a  little  ar- 
senious acid,  or  the  sulphuret  obtained  in  the  last  experiment,  mix^  with 
flnely-powdered  charcoal  and  carbonate  of  soda,  into  a  glass  tube  of  the 
diameter  of  a  common  quill,  care  being  taken  not  to  soil  the  sides  of  the  tube. 


Fig.  201. 


The  mixture  is  then  gently  heated  by  the 

flame  of  a  spirit-lamp,  when  the  metallic 

arsenic  sublimes,  and  is  condensed  as  a 

black,  lustrous  mirror,   e,  in  the  upper 

and  cool  part  of  the  tube.    (See  Fig.  201.) 

A  slip  of  bright  metallic  copper,  placed 

in  a  hot  solution  of  arsenious,  or  arsenic 

acid,  acidulated  by  hydrochloric  acid,  is 

soon  coated  by  a  gray  film  of  metallic 

arsenia     This  is  known  as  Reinsch's 

test,  and  is  aflOrmed  to  show  the  presence. 

of  a  250,000th  part  of  arsenic  in  solution.    It  is  a  test  readily  applicable  even 

when  the  solution  is  contaminated  by  the  presence  of  so  much  organic  matter 

as  to  impair  the  accuracy  of  other  reactiona 

A  dose  of  from  2  to  3  grains  of  arsenic  is  generally  regarded  as  fiital, 
though  larger  doses  are  sometimes  rejected  fifom  the  stomach  by  vonriting. 
A  dose  of  from  1-1 5th  to  1  30th  of  a  grain  is  said  to  warm  and  exhilarate 
the  system,  and  increase  its  vigor,  and  the  peasants  of  Hungary  are  reported 
to  be  in  the  habit  of  using  it  foi;  this  purpose. 

QuFBTioirs. — ^What  other  metal  gives  the  same  reaction  f  Hoir  maj  antimony  he  4te- 
tingniahed  from  arsenio  in  thia  instance  ?  What  is  the  test  by  snlphoretted  hydrogen  f 
What  is  the  test  by  redaction?  What  is  Beiosch^s  test?  What  amoant  of  araenie  is 
fatal? 
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62*7.  Arsenic  and  antimony  are  the  only  metals  wliich  are  capable  of  com- 
bining with  hydrogen.  In  this  and  several  other  respects,  they  comport  them- 
selves  like  metalloids,  and  by  some  chemical  authorities  arsenic  is  regarded 
as  a  non-metallic  element  * 


CHAPTER    XIV. 

* 
THE     NOBLE    HETALS. 


The  metals  included  in  this  class  are  nine  in  number, 
VIZ.,  Mercury,  Silver,  Gold,  Platinum,  Palladium,  l^ho^ 
dium,  Buthenium,  Osmium,  and  Iridium. 

The  principal  characteristic  of  these  metals  is  their  slight  affinity  for  oxy- 
gen, by  reason  of  which  their  oxyds  are  easily  decomposed  by  the  action  of 
heat  alone,  the  metal  remaining  in  an  uncombined  state.  The  temperature 
required  to  effect  this  decomposition  is  less  than  red  heat,  with  the  single 
exception  of  the  oxyd  of  osmium.  Mercury  and  silver  are  generally  found 
in  nature  as  sulphides ;  the  others  usually  occur  native,  and  are  often  aaso* 
dated  with  each  other. 

SECTION  I. 

)f  E  B  c  u  B  T   (Hydra/rgyrumj  Uquid  silver), 

E^vdient,  100.    Symbol^  H.      Specific  gravity^  13*59. 

628.  IVatural  History  and  Distribution . — ^Mercury  is  some- 
times found  native,  as  fluid  quicksilver,  but  most  generally  occurs  as  a  sulph- 
ide, forming  a  brilliant  red  mineral  termed  cifiTiabar.  Its  most  productive 
mines  are  Uiose  of  Almaden  in  Spain,  Idria  in  Austria,  and  New  Almaden 
in  Upper  California.  Considerable  quantities  are  also  obtained  fix)m  locali- 
ties in  Mexico,  Peru,  China,  and  Japan.  It  is  reduced  from  its  ores  by  a  pro- 
cess of  distillation. 

629.  Properties  . — ^Mercury  is  a  brilliant,  silver-white  metal,  possess- 
ing great  density,  and  also  the  remarkable  property  of  remaining  fluid  at 
common  temperatures.  It  solidifies  (freezes)  at  — 39^  F.,  in  which  state  it 
is  sofl;  and  msdleable.  When  heated  to  662<^  F.  it  boils,  and  yields  an  in- 
visible vapor.  The  metal  also,  at  all  temperatures  above  40^  F.,  undergoes  a 
alight  spontaneous  evaporation — a  fact  easily  proved  by  the  action  exerted 


Qin8TiOKB.'~-What  are  distinguishing  characteristics  of  antimony  and  arsenic  ?  What 
are  the  noble  metals  ?  What  are  their  characteristics  ?  Under  what  eirenmstanoes  does 
meroary  occur  natarally?  Where  are  its  principal  mines  ?  What  are  Its  properties  f  Al 
what  temperature  does  it  solidify  ?    When  boil  f    What  is  said  of  its  yolataity  f 
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upon  a  aensitivo  da^erreotTpe  plate  soBpended  a  few  inches  aboYo  a  yessd 
containing  mercury. 

Mercoryf  when  pure,  is  not  tarnished  by  exposure  to  air  and  nKMsture  at 
ordinary  temperatures,  but  when  heated  to  near  its  boiling  point  it  slowlf 
absorbs  oxygen,  and  becomes  converted  into  a  crystalline,  dark-red  powder, 
the  red  oxyd  of  mercury.  This  oxyd,  when  subjected  to  a  dull  red  hea^ 
evolves  oxygen,  and  is  decomposed  into  its  constituents.  It  was  by  means 
of  this  substance  that  Priestley  first  discovered  the  existence  of  oxygen,  a&d 
Lavoisier  determined  the  composition  of  atmospheric  air. 

630.  The  most  ready  solvent  of  mercury  is  nitric  acid,  which  dissolves  it 
with  great  rapidity.  Hydrochloric  acid  has  no  action  upon  it,  and  the  same 
is  true  also  of  dilute  sulphuric  acid. 

631.  When  pure  mercury  is  agitated  with  ether,  or  oil  of  turpentine^  or 
rubbed  with  sulphur,  sugar,  chalk,  lard,  etc,  it  is  reduced  to  so  fine  a  state 
of  di^ion  that  it  loses  its  metallic  appearance  entirely,  and  becomes  thor- 
oughly Incorporated  with  the  foreign  body.  In  its  ordinary  state,  merciuy 
ii  inactive  as  a  medicine,  but  in  this  state  of  mechanical  division  it  is  read3y 
absorbed  by  the  system,  and  becomes  efficacious.  The  well-known  hht&fSi 
is  mercury  rubbed  into  agumnjy  compound,  called  "  oonlection  of  roses;'*  and 
mercuriai  airUment  is  mercury  incorporated  with  lard. 

632.  Mercury  combines  with  oxygen  in  two  proportions,  forming  a  gray, 
or  suboxyd,  HysO,  and  the  protoxyd,  or  red  oxyd,  HyO.  This  last  oxyd  is 
a  red  powder,  and  was  called  by  the  old  chemists  red  precipitate. 

633.  Mercury  forms  two  compounds  with  chlorine,  which  correspond  in 
constitution  to  the  two  oxyds,  and  are  of  great  importance  in  medicine  aud 
the  arts ;  they  are  the  subchloride  and  the  chloride. 

634  Sabchloride  of  Mercury,  H  y,Cl ,  is  the  well-known  medi- 
cine, calomd.  It  ipay  be  obtained  by  precipitating  a  solution  of  sub-nitrate 
of  mercury  with  common  salt.  When  pure,  it  is  a  heavy,  white,  insoluble, 
and  tasteless  powder. 

635.  Chloride  of  Mercury,  HyCl,is  known  in  commerce  under 
the  name  of  corrosive  wbUmate,  Its  formation  may  be  shown  experimentally 
by  heating  a  globule  of  mercury  in  a  deflagrating  spoon,  and  plunging  it 
into  a  jar  of  chlorine ;  the  metal  takes  fire  and  produces  the  chloride.  Prac- 
tically, it  is  prepared  by  subliming  a  mixture  of  common  salt  and  sulphate 
of  protoxyd  of  mercury. 

Corrosive  sublimate  is  a  dense,  white  crystalline  substance,  soluble  in  16 
parts  of  cold,  and  3  of  boiling  water — ^its  solution  possessing  a  disgusting 
and  burning  metallic  taste.  It  is  one  of  the  most  deadly  poisons  known  io 
chemistry.  With  albumen  it  unites  to  form  compounds  which  are  nearly 
insoluble ;  hence  substances  whidi  contain  albumen,  such  as  white  of  eggs, 
milk,  eta,  are  the  most  efiectual  antidotes  in  cases  of  poisoning  by  it    Timber, 

QnEBTTOira.— What  of  its  power  to  resfst  ozydationf  What  is  its  most  ready  adr- 
entr  What  of  its  sofloepilbOity  to  mechanical  division?  What  ia  blae-piU f  Whatmer- 
earial  ointment?  What  are  itaozyda?  What  is  said  of  its  chlorides  f  What  is  calo- 
mel f   What  Is  corroeive  sublimate?   What  are  its  n>«>nertieB?   What  are  antidotes  to  it? 


HEBCUBY.  387 

and  animal  and  vegetable  substances  in  general,  are  effectually  protected 
against  decay  and  the  action  of  insects,  by  steeping  in  a  solution  of  corro- 
sive sublimate.  This  process  is  known  in  the  arts  as  kyanizing^  from  its  in- 
ventor, Mr.  Kyan,  who  first  applied  it  with  great  success  for  the  protection 
of  ship-timber  against  the  effects  of  *'  dry  rot"  The  preservative  action  ap- 
pean  to  be  due  to  the  circumstance  that  the  corrosive  sublimate  unites 
w^ith  the  organic  substances  to  produce  insoluble  and  poisonous  com- 
pounds. A  solution  of  corrosive  sublimate  in  alcohol  is  much  used  as  a 
preservative  wash  for  plants  in  herbariums,  and  for  other  objects  of  natural 
history. 

636.  Oxyd  of  mercury  forms  several  salts  with  nitric  acid,  the  principal 
of  which  are  the  subnitrcUe^  HysO,NOB,  and  the  nitrate,  HyO,NO.  The  last- 
named  salt  is  used  in  the  arts  as  a  wash  for  rabbit  and  hare  skins,  as  it  im- 
parts to  these  furs  a  property  of  felting  which  does  not  naturally  belong  to 
them. 

637.  Sulphide  of  Mercary,  HyS  .—This  compound  is  the  most 
abundant  of  the  ores  of  mercury,  apd  as  a  mineral  product  is  termed  einrM- 
bar;  but  when  prepared  artificially,  it  constitutes  the  beautifVd  red  pigment 
known  as  vermilion.  Yermilion  is  prepared  by  subliming  1  part  of  flowers 
of  sulphur  with  6  of  mercury.  The  product  is  a  blackish-red  crjrstalline 
mass,  which  by  flriction  and  pulverization  assumes  a  magpiificent  scarlet  color. 

638.  U  8  e  K  • — Mercury  is  used  extensively  in  the  arts  in  the  construction 
of  philosophical  histruments  (barometers,  thermometers,  etc.X  in  the  extrac- 
tion of  gold  and  silver  from  their  ores,  in  gilding,  and  in  medicin& 

639.  Alioys  of  Mercary  with  other  metals  are  termed  amaigamSi 
An  irnialgam  of  4  parts  of  tin  to  1  of  mercury  oohstitutes  the  material  em- 
ployed for  the  silvering  of  mirrora  A  strip  of  copper  becomes  amalgamated 
if  rubbed  with  a  solution  containing  mercury.  K  we  make  a  stroke  across 
a  brass  plate  with  a  stick  or  brush  dipped  in  a  solution  of  mercury,  and  af- 
terward bend  the  plate  at  this  place,  it  will  break  as  though  it  had  been 
cut;  the  explanation  of  this  is,  that  the  mercury  of  the  solution  at  once 
penetrates  and  combines  with  the  brass,  and  renders  it  extremely  brittle. 
Mercury,  when  brought  in  contact  with  bars  of  lead,  tin,  and  zinc,  readily 
permeates  them  by  a  q>ecies  of  capillary  attraction ;  and  by  employing  a  bar 
of  lead  in  the  form  of  a  syphon,  we  may  gradually  raise  and  draw  off  mer- 
cury from  its  containing  vessel. 

Tm,  lead,  silver,  gold,  and  several  other  metals,  are  dissolved  by  mercury 
to  a  considerable  extent,  without  much  loss  of  fluidity.  It  has,  on  the  con- 
traiy,  but  little  attraction  for  iron,  and  on  this  account  it  is  generally,  pre- 
served in  iron  bottlea 

The  presence  of  mercury,  when  in  solution,  va&y  bQ  detected  by  placmg  a 

QuEsnoKB. — ^What  is  kyanizingf  How  does  corrosive  sublimate  act  as  apreserva-. 
tire  agent?  What  is  said  of  the  nitrates  of  mercury?  What  is  Termllion?  How  is  it 
prepared  ?  What  are  the  principal  uses  of  mercury  f  What  are  alloys  of  mercury  termed  I 
What  forms  the  lustrous  coating  of  mirrors?  How  does  mercury  comport  itself  in  con- 
tact with  the  other  metals?    How  may  the  presence  of  mercury  in  solatioa  be  detected  ? 
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drop  of  the  suspected  liquid  on  a  piece  of  polished  gold,  as  a  half-eagle,  and 
touching  the  metal,  through  the  liquid,  with  a  scrap  of  zinc,  or  with  the  pomt 
of  a  penknifa  The  part  touched  will  instantly  appear  white,  owing  to  the 
deposttbn  of  merouiy  hy  voltaic  action. 


SECTION    II. 

BtLYEB. 

JEquivakfUf  108.     Symbol,  Ag.  (Argentum).     Specific  gravUy,  10*5. 

640.  Natural  Hifitory  and  Distribution. —  Silver  is  fie- 
quently  met  with  in  the  native  state^  but  most  generally  it  is  found  in  com- 
bination with  sulphur,  mixed  with  sulphides  of  lead,  antimony,  copper,  and 
iron.  The  mines  of  Mexico  and  Peru  are  the  most  productive  sources  of  sil- 
ver ;  but  it  occurs  in  quantities  sufficient  to  pay  for  working,  in  Norway,  Sax- 
ony, Spain,  and  the  Hartz  mountains. 

641.  Amalgamatioii  • — Silver  is  obtained  from  ores  free  from  lead,  as 
those  of  South  America  and  Mexico,  by  a  process  termed  AmalgamaUonf 
which  is  founded  upon  the  ready  solubility  of  alver  and  other  metals  in  met- 
allic meroury.  The  ore  is  first  crushed  to  a  fine  powder,  mixed  with  common 
salt,  and  roasted  at  a  low  red-heat  in  a  furnace.  By  this  treatment  the  silver 
obtains  chlorine  fix>m  the  salt,  and  is  chang^  from  a  sulphide  into  a  chloride. 
The  resulting  products  of  the  fiimace,  consisting  of  chloride  of  sQver,  oxyds 
of  ooppar,  iron,  and  earthy  matters,  are  then  placed,  with  water  and  a  portion 
of  scrap  iron,  in  barrels  which  revolve  upon  their  axes,  and  the  whole  agitated 
together  for  some  time,  duHng  which  the  iron  reduces  the  chloride  of  silver  to 
a  statA  cf  metal,  and  forms  chloride  of  iron ;  a  certain  portion  of  mercuTy  is  then 
added,  and  the  agitation  continued.  The  meroury  dissolves  out  the  silver,  the 
copper,  and  the  gold,  if  there  be  any,  and  combines  with  them  to  form  an 
amalgam;  which,  by  reason  of  its  great  weight  and  fluidity,  is  easily  separ- 
ated from  the  other  materials  by  washing  and  subsidence.  This  amalgam  is 
then  pressed  in  woolen  bags,  to  squeeze  out  the  uncombined  mercury,  and  the 
solid  portion  heated  in  a  kind  of  retort,  when  the  last  trace  of  mercury  vol- 
atilizes, and  leaves  the  silver  alloyed  with  copper  or  gold  behind.  In  this 
state  it  is  exported  in  ing^t&* 

*  This  proeesa,  aa  oondneted  in  Mexico  and  Sooth  America  bj  the  mde  minera,  ia  ex- 
eeedlng^y  imperfect,  and  ia  attended  with  an  enormoos  lose  of  quiokirilverf  hj  volatilijEa- 
tion  and  the  formation  of  calomel,  H79GI;  ao  mnch  so,  that  it  haa  been  calculated  that 
npwarda  of  aiz  million  cwt  of  mercury  had  been  wasted  in  the  American  mines  np  to  the 
close  of  the  last  century.  It  must  be,  therefore,  apparent,  that  the  great  employment  of 
merenry  is  in  the  mining  of  silver;  and  previous  to  the  discovery,  a  feir  years  ainee,  of 
the  «1oh  dnnabar  mines  of  California,  the  price  of  mercury  (owing  to  a  diminished  sup- 
ply from  the  mines  in  Spain  and  Austria)  had  risen  so  high,  that  many  of  the  richest  ail- 
V3r-minea  of  If  ezico  and  Pern  were  of  necea^ty  abandoned.  ^ 

Qincanoir8.--What  ia  said  of  the  natural  condition  of  silver?  Where  are  ita  prindpal 
mined?    How  ia  allver  obUdned  Arom  it^  orpa  by  amalgamation? 
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642.  L  i  q  n  a  t  i  0  n . — Silver  oontaining  a  large  peroentage  of  copper  is  sep- 
arated from  this  metal  by  what  is  called  the  process  of  Liquaiian:  this  coti- 
sists  in  melting  the  two  metols  with  a  large  proportion  of  lead,  and  cooling 
the  mixture  suddenly  in  the  form  of  cakes ;  these  are  then  exposed,  on  an  in- 
clined hearth,  to  a  teoiperature  sufficient  to  melt  the  lead,  but  not  the  copper, 
when  the  former  metal  runs  ofi^  and  carries  all  the  silver  with  it,  leaving  the 
solid  copper  behind. 

643.  Cupellation  •^-Silver  is  parted  flY)m  lead  by  a  process  termed 
CupeUcUum,  It  consists  in  exposing  the  mass,  in  the  first  instance^  to  a  red- 
heat)  upon  the  hearth  of  a  shallow  furnace,  while  a  current  of  air  is  caused  to 
play  upon  its  surface ;  the  lead  rapidly  oxydizes,  and  is  converted  into  lith- 
arge, which,  m  turn,  melts  and  runs  off,  leaving  the  metallic  silver  unoxyd- 
ized,  and  in  a  nearly  pure  state  (refined  silver).  The  hearth  upon  which  this 
operation  is  conducted,  is  called  a  cupel^  and  is  formed  by  molding  pulverized 
bone  ashes  into  the  shape  of  an  oval,  shallow  basin. 
In  order  to  render  the  silver  thus  obtained  still  purer  FiQ.  202. 
{fine  sUoer),  it  is  again  fused  under  the  samd  circum- 
stances in  small  cupels  (Fig.  202) ;  by  which,  the  last 
remaining  traces  of  lead,  and  all  other  metallic  impur-^ 
itieS)  except  gold,  are  converted  into  ozyds,  and  ab- 
sorbed by  the  porous  bone-ash. 

644.  Propertiei . — Silver  has  the  dearest  white  color  of  all  the  metals. 
It  is  malleable  and  ductile  in  a  high  degree,  and  in  hardness  is  intermediate 
between  gold  and  copper.  It  melts  at  a  bright  red-heat,  1873^  F.,  expand- 
ing fordbly  at  the  moment  of  solidification ;  and  is  not  oxydized  by  exposure, 
at  any  temperature,  to  either  a  dry  or  moist  atmosphere.  •  Pure  silver,  how- 
ever, possesses  the  remarkable  property  of  mechanically  absorbing  oxygen, 
when  melted,  to  the  extent  of  many  times  its  volume.  This  oxygen  is  again 
disengaged  at  the  moment  of  solidification,  and  gives  rise  to  the  peculiar  ar- 
borescent appearance  often  noticed  on  the  surface  of  masses  of  silver.  Silver 
has  a  powerful  affinity  for  sulphur ;  and  when  exposed  to  air  containing  very 
minute  quantities  of  sulphurous  acid,  or  sulphuretted  hydrogen,  it  soon  be- 
comes superficially  blackened  or  tarnished,  from  the  formation  of  a  thin  film 
of  sulphide  upon  its  surface.* 

The  best  solvent  of  silver,  is  nitric  acid,  which  acts  upon  the  metal  with 
great  rapidity;  if  the  silver  contains  any  gold,  it  will  be  lefii  undissolved  as  a 
daric  powder.  Solution  of  silver  coin  in  nitric  acid  appears  of  a  bluish-green 
color,  from  the  copper  it  contains.  Hydrochloric  acid  scarcely  acts  upon  sUver, 
and  sulphuric  acnd  only  when  hot 

*  The  air  of  large  towns  or  dtlea,  and  the  air  of  rooms  in  which  minersl  coal  or  eoal- 
gas  is  bnmt,  always  contaiiis  sofflelent  of  the  gaseous  compoands  of  sulphor  to  gradually 
tarnish  silTer. 

QuBBTiOHft. — ^How  is  rilrer  obtained  by  amalgamation  freed  from  copper?  What  is  this 
process  termed  t    How  is  sflTer  treed  from  lead  f    What  is  »  cupel  ?    What  are  the  propk 
erties  of  silver  ?    What  are  the  relations  of  fused  sUver  and  oxygen  ?    What  of  sUver  and 
solphar  t    What  are  tho  solventA  of  sUv^r  ? 
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646.  Oiydaj  of  Sflver. — Silver  forms  three  oxyds — ^the  suboxyd, 
AgiO ;  the  protoxyd,  AgO ;  and  a  peroxyd,  AgOi. 

646.  Prottxyd  of  Silreristhe  only  oxyd  which  forms  permanent 
salts,  and  may  be  procured  by  addmg  potash  or  soda  to  a  solution  of  the 
nitrate^  or  any  s(^uble  salt  of  sOver.  It  is  a  dark-brown  or  black  powder, 
soluble  in  ammonia^  and  to  a  slight  extent  in  pure  water.  Its  solution  in 
cyanide  of  potassium  constitutes  the  silver  solution  used  in  electro-plating. 
Oxyd  of  silver  is  decomposed  at  a  temperature  below  red  heat,  and  to  some 
extent  also  by  the  action  of  solar  light 

647.  Nitrate  of  Silver,  AgO,N Os.— -This  is  the  most  important 
of  the  salts  of  silver,  and  maybe  obtained  in  the  form  of  colorless,  transparent, 
tabular  crystals,  by  dissolving  silver  in  nitric  acid,  and  evaporating  the  solu- 
tion to  dryness.  The  crystals  thus  obtained  are  readily  soluble  in  water,  and 
when  Aised  and  cast  into  slender  sticks,  they  constitute  the  lunar  caustic  of 
the  surgeon.* 

Nitrate  of  silver,  when  perfectly  pure,  undergoes  no  change  by  the  action 
of  light,  but  when  exposed  to  light  in  contact  with  organic  matter,  it  blackens 
rapidly.  Stains  thus  produced  by  it  can  not  be  removed  by  washing  with 
soap  and  water;  hence  nitrate  of  silver  constitutes  an  essential  ingredient  in 
the  composition  of  hair-dyes,  and  the  indelible  inks  used  for  marking  linen. 
Ivory,  marble,  and  other  bodies,  may  be  stained  a  permanent  black  by  soak- 
ing in  a  solution  of  this  salt,  and  then  exposing  to  the  direct  action  of  the 
8un*s  rays.  The  black, coloring  matter  is  by  some  supposed  to  be  silver  in 
a  state  of  fine  division,  and  by  others  to  be  a  suboxyd  of  silver.  It  may  be 
removed  fix>m  the  hands,  or  from  linen,  by  the  employment  of  a  strong  so- 
lution of  iodide  o^  potassium,  or  more  easily  by  cyanide  of  potassiunu  Ni- 
trate of  silver  is  sometimes  given  as  a  medicine ;  if  the  administration  of  it 
is  long  continued,  a  portion  of  the  silver  in  combination  tends  to  find  its  way 
out  of  the  system  at  the  sur&ce  of  the  body;  but  becoming  decomposed  by 
the  action  of  light  before  it  reaches  the  outer  surface  of  the  skin,  it  imparts 
to  all  those  portions  of  the  body  exposed  to  light  a  singular  blue  or  lead-gray 
color.  This  color,  fix>m  the  circumstance  that  it  is  formed  below,  the  outer 
skin  (or  cuticle),  is  perfectly  indelible,  f 


*  The  eorrortre  power  of  lanar  canstie  is  not  the  result  of  any  speeifie  action  of  the 
nitrate  of  direr  but  of  the  nitric  acid,  which  is  Uberated  by  the  decomposition  of  the 
salt  when  in  contact  with  oxiganic  nuitter. 

t  A  most  singular  case  of  this  discoloration  was  to  be  seen  a  few  years  since  in  the  city 
of  New  York,  in  the  person  of  an  itinerant  book-agent,  who  was  familiarly  called  the 
<*  blue  man.**  The  color  of  this  person,  owing  to  an  injudicious  use  of  nitrate  of  silTer 
as  a  remedy  for  epilepsy,  was  generally  of  a  dark,  dull  blue,  varying  to  brown  with  diades 
of  green. 

QuESTiOKB. — What  oxyds  of  silver  are  there  ?  What  is  the  principal  oxyd  ?  How  is 
it  prepared  f  What  are  its  properties  ?  How  is  nitrate  of  silrer  prepared  ?  Wtiat  is  lu- 
nar caustic  ?  What  action  has  light  upon  this  salt  ?  Into  what  articles  does  it  enter  as  an 
essential  ingredient T  How  may  nitrate  of  silver  stains  be  remoTedf  YiThat  sometimes 
tutH^^ns  when  nitrate  ot  sUver  is  taken  uto  the  system  / 
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When  a  stick  of  phosphorus  is  introduced  ioto  a  solution  of  nitrate  of 
silver,  it  soon  becomes  incrusted  with  arborescent  crystals  of  the  metal.  The 
introduction  of  mercury  into  a  solution  of  nitrate  of  silver  also  precipitates 
the  metal  in  beautiful  tree-like  forms  which  are  called  a/rhor  DiaaujL  Metallic 
copper  at  once  throws  down  metallic  silver  fiom  solutions  of  the  nitrate, 
and  forms  nitrate  of  copper.  ^ 

648.  Chloride  of  Silver,  AgCl • — ^This  compound  appears  as  a 
white,  curdy  precipitate  when  hydrochloric  acid,  or  the  solution  of  any  chlo- 
ride (as  common  salt)  is  added  to  a  solution  of  silver.  Its  formation,  under 
these  drcumstanoes,  constitutes  a  most  delicate  test  for  the  presence  of  silver 
in  solution,  as  the  chloride  of  silver  is  so  entirely  insoluble  in  water,  that  a 
millionth  part  of  it  will  occasion  a  cloudiness  of  the  solution.  It  is,  however, 
readily  soluble  in  ammonia,  and  when  exposed  to  the  light,  quickly  assumes 
a  violet  color.  Chloride  of  silver,  kept  in  solution  by  the  alkaline  chlorides, 
probably  exists  in  minute  quantities  in  all  sea- water.  MM.  Malagutti  and 
Durocher,  eminent  French  chemists,  have  estimated,  on  the  basis  of  recent 
experiments,  that  each  cubic  mile  of  sea- water  contains  I  Of  lbs.  of  silver  in 
the  form  of  chloride. 

649.  Uses  • — Puro  silver,  by  reason  of  its  softness,  is  not  used  to  any  ex- 
tent in  the  arts ;  but  for  coin,  plate,  etc.,  it  is  always  alloyed  with  a  propor- 
tion of  copper,  which  greatly  increases  its  hardness  without  materially  dimin- 
ishing its  whiteness,  and  thus  renders  it  less  liable  to  be  worn  by  use. 
The  amount  of  copper  that  may  be  alloyed  witli  silver  for  the  manu&cture  of 
coin  is  always  regulated  by  government  In  Great  Britain,  standard  silver 
is  composed  of  II  parts  of  silver  and  I  of  copper;  in  the  United  States,  all 
gold  and  silver  coin  consists  of  nine  tenths  pure  metal  and  one  tenth  alloy. 
In  England  and  France,  the  government  also  reg^ulates  the  purity  of  silver 
used  for  the  manufacture  of  plate ;  in  the  United  States  the  manufacturer 
alloys  his  silver  at  discretion. 

Silver  is  frequently  employed  to  give  a  coating  to  less  expensive  meta]& 
Plating  on  copper  is  effected  by  laying  a  strip  of  silver  upon  a  bar  of.  cop- 
per, and  uniting  the  two  metals  (without  solder)  by  hammering  and  rolling 
at  a  temperature  just  below  the  fusing  point  of  silver.  The  compound  ingot  is 
then  rolled  to  the  required  degree  of  tenuity.  SiVoering,  or  covering  the  sur- 
face of  brass  or  copper  with  a  thin  coating  of  silver,  may  be  e^Tected  by  first 
thoroughly  cleaning  the  surface  to  be  silvered  by  momentary  immersion  in 
nitric  add,  and  then  rubbing,  with  a  mixture  of  cream  of  tartar  (100  parts), 
chloride  of  silver  (10  parts),  and  corrosive  sublimate  (1  part) ;  the  surface  is 
afterwards  polished.  It  is  in  this  way  that  thermometer  scales  are  silvered. 
A  peculiar  hkaiched  or  "  (fe(uf '  appearance  may  be  given  to  articles  manufac- 
tured from  an  alloy  of  silver  and  copper,  by  boiling  them  in  a  solution  of  bi- 

QUE8TION8. — What  is  sidd  of  chloride  of  silver  ?  What  is  a  test  of  the  presenoe  of  sil- 
ver in  solution  f  Does  silver  exist  in  sea- water  ?  In  what  state  is  silver  nsed  in  the  arts  ? 
What  is  standard  silver  in  Great  Britain  and  the  United  States  ?  How  is  plating  effected  T 
How  may  articles  be  silvered  ?     W  hat  is  dead  silver  f 
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•nlphata  of  potidii  the  add  of  wbidi  dusolves  oat  tbe  copper  from  tbe  nir. 
boo,  kod  IWTBa  (be  particleB  <d'  silTer  isolated. 

6fi0.  SilTtriiig  Af  Glairi •— Certain  organic  mbstaDcoi,  Each  as  oQ 
of  ctMia,  oil  of  dores,  or  acdnlion  ol  grape-sugar,  poaaeea  the  property,  when 
added  to  certain  salts  <^  silver  in  stdution,  of  preoipitatiiig  the  edlver  in  Oe 
stale  of  blig^^  lustrous  motaL  Thi«  principle  has  been  recently  q>plied  to 
the  silvering  <^  glaas ;  and  many  artidee  <^  great  beauty,  such  as  mirriH^ 
glasfrflobes,  vbmb,  door-knobs,  stc^  are  now  ooatad  in  this  manner.* 

8ECTI0K    III, 


Ejuivakni,  98-7.     Symbol,  Au.  (Auram>     Specific  gravity,  10.2. 

6G1.  Natural    Bistory    sod    It  Is  tribal  Ion.— Gold   is  alwaj^ 
finmd  native  or  in  tbe  metallic  state ;  generally  in  tba  form  of  tbin  scales  iff 
^^                    grun^  sometilaes  as  large,  nodular  manes,  f  and  some- 
•w-  ^"'-           times  ID  crystals;  the  last  being  al- 
ways modiflcalions  of  the  cube,  or        ^'^  "**" 
I   octohedron.    (See  Figs,  203  and  204.)  "^ 

\      Native  gold  is  always  alloyed  « 
4  ^ver,  and  is  often  assodated  witli  small  L 
I  quantitiea  of  aemiuin,  iridium,  copper, 
antimony,  sulphuret  of  iron,  and  rarely 
with  tellurium.     No  n?gnlar  veint 
gold  are  met  with  (what  aie  called  veins  of  gold  bdng 
merely  veins  of  quartz  oontaining  disseminated  metallic  particles).     It  com- 
monly occurs  in  tbe  most  ancient  redes,  or  in  the  aUttvial  depodta  of   rivers. 
As  gold  is  found  naturally  in  a  metallic  Btat«,  tl>e  operations  for  obtaining  it 
are  almost  purely  mechanioil,  as  washing,  etc     Whoa  the  gold  is  very  finely 
divided  and  mixed  with  earthy  matters  or  other  metals,  it  is  separated  by  B 
process  of  amalgamation  similar  to  that  already  described  for  obtaining  mlver. 
(See  §  641.)  

*  A  compodthni  Ibr  ■Qrering  gta«  mi;  bs  preiiaraA  u  laVrm :— Mix  K  grahn  aiiaa 
annDonU,  SO  nlLnw  at  tii-nt  (crfsUli),  V)  q^u  of  wine,  ind  eo  or  nUr.  When  tlia 
idtnta  DTnUver  li  completely  dUaolved,  Oiler  Ifae  liquid  indrndd  1{&  gnlni  of  pmpe  A^ar 
dlHolvedlnimlitiireorilauiiciMof  nlemdli  ouncei  Bpidta  of  tIdo.  For  bUvbtIiik 
■  glua.ltli>ufflcl«ttole*ve  thIiulDtlaDliiDoDUGtwItlithBitluabriiiiuaiiftagoc 
thnw  dajl  L  bat  by  headng  the  mixture,  tbe  eJbet  mnj  be  prodoead  npldly. 

t  A  HUM  at  gold  onn  Ibimd  Id  North  Cuollu  welsbed  38  ponndi ;  ■  mut  Ibmd  Id 
the  Ural  MouduIdk  and  noir  In  Ibe  Imperlml  Ciliiiiet  of  SL  PeteretmrEh,  hu  ■  witletat  o( 
oearir  SO  pDundi.  Mmm,  bowever,  of  b^er  elce,  mingled  with  qnuU,  him  been  iliui 
Amod  In  both  Callfonta  end  Auitnlia. 
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652.  PropertieR . — Gold  possesses  a  characteristic  yellow  color  and  a 
high  metallic  luster.  It  is  the  most  malleable  of  all  the  metals,  and  may  be 
beaten  into  leaves  which  do  not  exceed  1-200, 000th  of  an  inch  in  thickness. 
It  also  possesses  a  high  degree  of  tenacity.  When  pure,  gold  is  nearly  as 
soft  as  lead.  It  fhses  at  a  temperature  of  201 6^  F.,  and  can  not  be  advan- 
tageously employed  for  castings,  as  it  shrinks  greatly  in  solidifymg.  Gold 
does  not  combine  directly  with  oxygen  at  any  temperature ;  none  of  the  sim- 
ple acids,  with  the  exception  of  the  selenic,  have  any  effect  upon  it ;  neither 
has  sulphur  or  sulphuretted  hydrogen.  Chlorine  and  bromine  attack  it  easily, 
and  it  is  dissolved  by  any  solution  that  liberates  chlorine.  The  most  usual 
solvent  of  gold  is  aqua  regia.    (See  §  361.) 

653.  Compounds  of  Gold . — ^Tliere  are  two  oxyds  of  gold,  a prot- 
oxyd,  AuO,  and  a  peroxyd,  or  auric  acid,  AuOg.  Eoth  are  unstable  com- 
pounds, and  are  decomposed  by  the  action  of  light.  With  chlorine,  also, 
gold  unites  in  two  proportions  to  form  a  pretochloride,  AuCl,  and  a  perehlo- 
ride,  AuCl?.  The  last  is  the  most  important  compound  of  gold,  and  is  always 
produced  when  g^ld  is  dissolved  in  nitromuriatic  acid. 

By  cautiously  evaporating  the  solution  of  gold  in  aqua  regia,  the  perehloride 
may  be  obtained  m  the  form  oC  yellow  crystals,  soluble  in  water,  dcohol,  and 
ether.  If  a  solution  of  crystallized  chloride  of  gold  be  applied  to  the  skin,  or 
any  other  organic  substance,  it  imparts  to  it,  on  drying,  a  purple-colored  stain. 
If  a  few  drops  be  added  to  a  dilute  solution  of  pretochloride  of  tin,  a  taiost 
beautiful  purple  precipitate  is  formed,  which  Is  known  as  the  purple  of  CaS' 
sius.  This  compound  of  gold  and  tin  is  extensively  used  in  enamel  and  por- 
celain painting,  and  also  for  imparting  to  glass  a  rich  rose  or  purple  color. 

Polished  steel  dipped  into  an  ethereal  solution  of  perehloride  of  gold,  decom- 
poses it,  and  becomes  covered  with  a  coat  of  metallic  gold :  delicate  cutting 
instruments  are  gilt  in  this  way.  Silk  ribbons  may  be  sJso  gilt  by  moistening 
them  with  this  solution,  and  exposing  them  to  a  current  of  hydrogen,  or  phoa- 
phuretted  hydrogen  gas. 

Ammonia  added  to  a  solution  of  chloride  of  gold,  produces  a  yellowish- 
brown  precipitate,  aurate  of  ammonia,  or  fuiminaUng  gold;  this  compound 
explodes  at  a  moderate  heat,  or  by  friction. 

654.  iDdnstrial  Uses  of  Gold . — Gold  intended  for  coin  and  most 
other  purposes,  is  always  alloyed  with  a  certain  proportion  of  silver  or  cop- 
per, in  order  to  increase  its  hardness  and  durability.  Gold  for  coinage  is 
usually  alloyed  with  copper  to  the  amount  of  about  10  per  cent 

The  quantity  of  pure  gold  contained  in  a  given  mass  is  expressed  by  the 
word  caratj  used  in  reference  to  a  certain  standard  number ;  which  number  in 
the  United  States  is  24    Thus,  perfectly  pure  gold  is  said  to  be  24  carats 


QuBBTiOMB. — ^What  are  the  ebaraeteristio  properties  of  gold?  What  is  said  of  its  rela- 
tioas  to  oz^en?  What  of  its  solnbility?  What  are  the  principal  compounds  <rf  gold  f 
Hoir  is  perehloride  of  gold  prepared?  What  are  its  properties  7  What  is  the  "  purple 
of  CaflBiasr*  Hoir  is  steel  gilded?  What  is  falminating  gold?  In  what  eonditioais 
gold  used  in  the  arts  ?    How  is  the  purity  of  gold  expressed  f 

17* 
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fine;  when,  on  the  other  hand,  gold  is  spoken  of  as  18  carats  fine,  it  is  under- 
stood that  the  mass  consists  of  18  parts  (three  fourths)  gold,  and  6  parts  (one 
fourth)  alloy. 

The  determination  of  the  amount  of  pure  gold  or  sQyer  in  a  given  mass  of 
metal,  is  called  aaaaymg  ;  and  as  the  value  of  all  the  various  gold  and  silver 
coins  in  the  world  is  regulated  by  the  operati(Mi,  the  various  processes  oob- 
tained  in  this  department  of  chemistry  have  been  carried  to  a  high  degree  of 
perfection. 

'655.  Preparation  of  Fine  Gold. — ^The  process  of  obtaining  fine 
gold,  or  of  separating  gold  fiom  its  alloys  of  silver  and  copper,  depends  upon 
the  solubility  of  silver  and  copper  hi  nitric  acid,  and  the  perfect  insolubility  of 
gold  in  the  same  liquid.  In  prder  to  effectually  carry  out  the  operation,  it  is 
necessary  that  the  silver  should  amount  to  at  least  three  times  the  weight  of 
gold,  or  otherwise  portions  of  silver  will  be  mechanically  protected  fiom  the 
action  of  the  add,  and  the  separation  be  incomplete.  I^  therefore^  the  alloy 
be  ibund  to  contain  more  than  one  fourth  of  its  weight  of  gold,  sufficieDt 
silver  is  added  to  reduce  it  to  this  proportion ;  and  hence  this  method  of  part- 
ing the  metals  is  known  in  assaying  as  qwxrUUum,  The  gold  remaining  un- 
dissolved in  the  acid  is  collected  and  melted  jnto  ingots,  while  the  silver  is 
separated  fh)m  the  eopper  in  solution  by  precipitation  with  common  salt  as  a 
diloride,  and  subsequently  reduced  by  contact  with  metallic  zinc.  The  sepa- 
ration of  gold  flx)m  its  alloys  may  also  be  efiectcd  by  boiling  the  gold  in  sul- 
phuric acid,  which  dissolves  the  silver  and  the  copper,  but  leaves  the  gold 
unchanged. 

When  a  solution  of  protosulphato  of  iron  is  added  to  a  solution  of  pcrchloride 
of  gold,  metallic  gold  is  precipitated  in  the  form  of  a  fine  brown  powder,  which, 
when  diffused  in  water  and  viewed  by  transmitted  light,  appears  green ;  the 
gold  thus  obtained  is  perfectly  pure,  and  appears  dark,  by  reason  of  its  ex- 
treme subdivision.    When  rubbed  and  pressed,  it  regains  its  characteristic  color. 

656.  Gold  Leafis  manu&ctured  by  first  forging  tlio  gold  into  {dates^ 
and  rolling  them  into  thin  ribbons  by  means  of  steel  rollers.  The  ribbon  is 
then  divided  into  small  squares,  which  are  placed  between  leaves  or  sheets  of 
gold-beaters'  skin  (a  thin  membraneous  substance  detained  from  the  intestines 
of  animalsX  and  the  whole  beaten  with  a  heavy  hammer.  As  the  gold  ex- 
pands, it  is  divided  and  subdivided  until  the  required  thinnftfa  of  leaf  is  ob- 
tained. 

The  commercial  value  of  pure  silver  is  about  $16  per  pound;  a  dollar  coin 
weighs  an  ounce  troy.  The  value  of  fine  gold  is  about  fifteen  times  greater 
than  that  of  silver,  an  ounce  being  worth  from  sixteen  to  eighteen  dollars. 

BulUon  is  the  term  applied  to  g^ld  and  silver  reduced  from  the  ore,  but  not 
yet  manufactured ;  at  the  mint  it  means  all  gold  and  silver  suitable  for  coin- 
age^  ' 

QunnONs.— .What  ia  meant  by  gold  18  carats  fine  f  What  is  assaying  f  Hoir  is  gold 
parted  from  its  alloys  ?  What  is  understood  by  qoartationf  How  may  brown  metsUie 
gold  be  obtained  J  How  is  gold  leaf  manufiMJtare<f?  What  is  the  eomparatlTe  valne  of 
■ilyer  acd  gold  f    What  is  bullion  f 
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SECTION    IV. 

PULUKUM,  PALLADIUM,   RHODIUM,   RUTHENIITM,   OSMIUM,  IRIDIUM. 

65<7.  Platinum  • — Equivdlmtj  98*7. ;  Symbol^  Pt ;  Specific  gravity,  21*6. 
^Platinum  (little  silver)  is  not  an  abundant  metal,  and  is  always  found  na^ 
live,  usually  in  the  form  of  small  flattened  grains,  but  sometimes  in  nodular 
maa^es  of  considerable  size.  It  is  very  rarely  met  with  imbedded  in  rock, 
but  is  always  obtained  fix)m  alluyial  deposits  (sand,  etc.)  by  washing.  The 
principal  localities  which  furnish  platinum  are  situated  upon  the  western 
slope  of  the  Ural  mountains  in  Russia,  in  Brazil,  and  Borneo.  It  was  first 
recognized  as  a  distinct  metal  about  the  middle  of  the  last  century  (1749). 

668.  Properties . — Platinum  is  a  grajrish-white  metal,  intermediate  in 
hardness  between  copper  and  iron ;  it  exceeds  in  tenacity  all  the  metals  ex- 
cept iron  and  copper,  and  is  only  inferior  in  ductility  to  gold  and  silver.  It 
may  also  be  beaten  into  thin  laminae  like  gold  lea^  and  at  a  white-heat  may 
be  weldec^like  iron.  The  most  valuable  property,  however,  of  platinum,  is  its 
infusibility,  which  is  so  great  that  it  resists  the  most  intense  heat  of  a  wind 
furnace,  and  only  yields  to  the  heat  generated  by  the  oxyhydrogen  blow-pipOi 
or  the  voltaic  battery.  It  alloys  readily  with  lead,  iron,  and  many  other 
metals ;  and  the  compounds  thus  formed  are  much  more  fusible  than  pure 
platinuoi.  Care,  therefore,  must  be  taken  in  using  platinum  crucibles,  not  to 
heat  in  them  oxyds  of  fusible  and  easily-reduced  metals,  as  lead,  tin,  bismuth, 
etc. ;  since,  hi  the  event  of  the  reduction  of  the  oxyd,  the  crucible  would  be 
destroyed  by  the  formation  of  a  fusible  alloy. 

Platinum  does  not  oxydize  in  the  air  at  any  temperature,  and  none  of  the 
simple  acids  have  an  effect  upon  it.  Aqua  regia  dissolves  it,  but  less  readily 
than  g^Id ;  and  it  is  also  corroded  by  heating  to  redness  in  contact  with  the 
caustic  alkalies,  or  with  phosphoric  acid  in  the  presence  of  carbon. 

The  great  mfusibility  of  platinum,  and  its  power  of  resistmg  chemical 
agents,  give  it  a  high  value  as  a  material  for  the  construction  of  apparatus  to 
be  used  in  the  manufacture  of  powerful  acids,  and  in  chemical  analysis.  It  is 
also  extensively  employed  by  dentists  for  the  setting  of  artificial  teeth,*  and 
to  some  extent  for  the  bushing  of  the  touch-holes  of  guns.  An  attempt  was 
made  in  Russia  some  years  since  to  employ  platinum  for  coinage,  but  it  was 
found  to  be  inconvenient,  and  the  experiment  has  now  been  abandoned.  The 
value  of  crude  platinum  is  about  half  that  of  gold ;  but  in  its  manu&ctured 
state  it  sells  for  from  $18  to  $20  per  ounce. 

The  process  employed  for  working  it  depends  upon  its  property  of  welding 

*  The  Talne  of  the  platlnnm  annnally  reqaired  for  this  purpose  at  the  present  time  in 
this  country,  is  estimated  at  $150,000. 

QirESTiONB.— How  is  platinum  found  in  nature?  What  are  its  principal  localities? 
When  was  it  discovered  ?  What  are  the  general  properties  of  platinum?  What  is  said 
ofitsinfbsihility?  What  of  its  alloys  ?  What  of  its  solubility  ?  What  are  its  industrial 
uses  ?    How  is  it  manufactured  ? 
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at  high  temperaturecL  The  erode  grains  are  first  purified  bj  dissolving  in 
aqua  regia  and  precipitating  as  chloride  of  platinum,  which  is  subsequently  re- 
duced to  a  metallic  state  by  heat  It  is  then,  in  connection  with  scrap  pla- 
tinum, fused  into  little  ingots  by  the  oxyhydrogen  blow-pipe,  and  these  are 
subsequently  welded  and  rolled  into  bars  or  sheets.  The  woricing  of  it  was 
formerly  confined  wholly  to  Franco,  but  within  a  few  years  past  it  has  been 
introduced  somewhat  extensively  as  a  business  in  this  country. 

Platinum  exists  in  two  states  of  minute  subdivision,  yiz.,  as  8p(mgy  plaUmmiy 
and  pkUinum  black.  The  properties  and  preparation  of  spongy  platinum  have 
been  already  described  (§§  48,  296).  Platinum  black  is  the  metal  in  a  state 
of  such  fine  subdivision,  that  it  has  the  appearance  of  soot  It  is  easily  pre- 
pared by  slowly  beating  to  212^  F.,  with  fiiequent  agitation,  a  solution  of 
chloride  of  platinum,  to  which  an  excess  of  carbonate  of  soda  and  a  quantity 
of  sugar  have  been  added.  The  precipitated  black  powder  is  collected  on  a  filter, 
washed  and  dried.  Platinum  black  possesses  the  power,  in  a  much  higher 
degree  than  spongy  platinum,  of  condensing  gases,  and  oxydizing  alcohol  and 
ether  (§  469).  . 

659.  Platinum  forms  two  oxyds,  PtO  and  PtOf,  and  two  chlorides,  FtCl 
and  PtGlt.  The  last  named  compound,  the  bi-chloride  of  platinum,  is  the 
most  important  soluble  salt  of  platinum,  and  is  always  formed  when  platinum 
is  digested  m  aqua  regia  Its  crystals,  obtained  by  evaporating  its  acid  solu- 
tion, form  with  water  a  rich  orange-colored  liquid,  which  is  much  yalued  in 
chemistry  as  the  only  reagent  which  precipitates  potassa  firom  its  solutions. 

660.  Palladiam,  Rhodium,  Rntheninm,  Osminm,  and 
Iridium. — These  metals  are  found  only  in  exceedingly 
small  quantities,  and  usually  occur  associated  with  pla- 
tinum^ which  metal  they  resemble  generally  in  their  prop- 
erties. 

FaOculium  is  a  white  metal,  more  brilliant  than  platinum,  yery  infusible, 
malleable,  and  ductile.  Its  hardness,  whiteness,  ar\d  inalterability-  would  ren- 
der it  exceedingly  valuable  in  the  arts  if  it  coula  be  obtiuned  in  suffident 
quantities.  The  Royal  Oeological  Society  of  Great  Britain  award  a  medal  of 
palladium  for  eminent  discoveries  in  this  department  of  science.  Iridium  is 
found  alloyed  with  osmium,  yery  ofi»n  in  Califomia  gold,  forming  the  mineral 
iridaamine^  which  is  the  hardest  of  all  known  aUoys.  Iridium  is  a  white,  hard, 
brittle  metal,  more  infusible  than  platinum,  and  one  of  theheayiest  of  the  metaled 
being  nearly  22  times  heavier  than  an  equal  bulk  of  water.  It  has  been  used 
to  some  extent  for  forming  the  tips  of  gold  pens. 

QinE8TiaKB..>-In  wlint  two  states  of  subdivision  does  metallie  platinam  exist  f  Ghre  Uie 
properties  of  spongy  platinum.  How  is  platinum  bUok  prepared?  What  oompoandi 
does  platinum  form  ?  What  is  Its  most  soluble  salt  t  For  what  reaction  is  bi-chloride  of 
platinum  distinguished  ?  What  is  said  of  the  oUier  metala  ^-^-i^v^  in  thegnMip  of  noUs 
metals?    What  ofpalladiom?    What  of  iridium  ? 


PHOTOGRAPHY.  397 

CHAPTER    XV. 

PHOTOOBAPHT. 

661.  Photograph  jr  {Itght-dramng)  is  the  art  of  drawing, 
or  producing  pictures,  or  copies  of  objects,  by  the  action 
of  light  upon  certain  chemical  preparations. 

The  whole  art  is  based  upon  the  circumstance,  that  the  chemical  element 
of  the  solar  ray  is  capable  of  blackening  or  diaooloring  certain  compound  sub- 
stances exposed  to  its  influence,  the  principal  of  which  are  various  salts  of 
silver.*    This  fact  has  been  long  known  and  recognized,  and  as  far  back  as 
1802,  Sir  Humphrey  Davy  succeeded  in  obtaining  images  upon  paper  or 
white  leather  prepared  with  nitrate  of  silver,  by'  exposure  in  a  camera  ob- 
scura ; — ^the  parts  of  the  surface  subjected  to  a  strong  light  being  blackened, 
while  those  in  the  shadow,  which  were  unacted  upon,  remained  white.    It  was 
found,  however,  impossible  to  arrest  the  action  thus  generated,  and  the  image 
formed  soon,  disappeared  by  a  continuous  darkening  of  the  whole  surface. 
The  subject  appears  to  have  been  next  taken  up  by  M.  Niepce,  a  French 
gentleman  of  Chalons,  who  ascertained,  in  1823,  that  when  a  surface  of  a  pe- 
culiar kind  of  bitumen,  known  as  "  Jew*s  pitch,"  was  exposed  in  a  camera, 
that  the  parts  strongly  acted  upon  by  light  became  insoluble  in  oil  of  laven- 
der, while  those  unacted  upon,  or  influenced  by  weaker  rays,  retained  their 
solubility  in  a  greater  or  less  degree,  and  could  consequently  be  dissolved  off, — 
thus  forming  an  imperfect  picture.    This,  and  other  interestmg  facts,  Niepc^ 
laid  before  the  Royal  Society  of  Great  Britain  in  1827,  but  they  attracted  little 
attention,  and  in  1829  he  formed  a  partnership  with  a  French  artist  by  the 
name  of  Daguerre  (who  was  engaged  in  experimenting  oh  the  same  subject)^ 
for  the  fttture  joint  prosecution  of  their  investigations.     Niepc^  died  in  1833, 
but  Daguerre  continued  his  experiments,  and  in  1839  first  exhibited,  as  the 
result  of  his  labors,  the  pictures  since  called  in  his  honor  Daguerreotypca 
His  process  was  at  first  kept  secret,  but  was  soon  purchased  by  the  French 
Gk>vemment  and  made  known  to  the  world — a  pension  of  6,000  francs  being 
awarded  to  Daguerre,  and  one  of  4,000  to  the  son  of  Niepce.    It  is  also  a 
very  singular  &ct,  that  substantially  the  same  results  made  known  by 
Daguerre,  were  also  discovered  at  about  the  same  time  by  Mr.  Talbot,  an 

*  The  inflaence  of  light  in  producing  the  coloration  of  fhilt  may  be  yery  prettily  illus- 
trated by  pasting  letters  cut  in  paper  npoh  the  surface  of  a  ripening  peach  exposed  to  the 
sun.  After  the  lapse  of  a  few  days  the  characters  will  be  found,  on  removing  the  paper, 
to  be  distinctly  marked  in  white,  on  a  red,  or  yellow  ground. 

1 i_  iiii-       ■  I      —I  "      -       -  -       --  — —  I   I    ■     . __^ 

Qdsbtiokb. — What  is  photography?  Upon  what  does  the  art  depend?  What  were 
some  of  the  earliest  photographic  experiments?  What  were  Niepc6*s  experiments? 
Under  what  drcumstanoes  was  the  di^erreotype  process  discovered  and  made  known  ? 
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EagUsh  gentlemao,  who  had  been  engaged  in  investigating  the  diemical  re- 
lations of  light  fiir  a  number  of  years  previous. 

662.  Daguerreotype  Process*— The  essential  features  of  the 
daguerreotype  process,  as  discovered  by  Daguerre  and  now  practised,  are  as 
follows :  a  highly-polished  tablet  of  silver  (copper-plated)  is  delected  as  the 
basis  of  the  picture,  and  exposed  to  the  vapor  of  iodine.  The  iodine  rapidly 
attacks  the  sQver,  and  forms  over  its  sur&ce  a  thin  yellow  film  of  iodide  of 
stiver,  which  is  so  exceedingly  sensitive  to  the  action  of  light,  that  it  is  almost 
instantly  decomposed  by  it*  The  plate  thus  prepared,  and  carefully  pro- 
tected from  the  light,  is  then  exposed  to  the  image  formed  by  the  lens  of 
a  camera  obacura.  Relatively  the  quantity  of  the  light-producing  principle, 
and  the  quantity  of  the  ^chemical  principle  reflected  from  any  object  are  tbo 
same ;  therefore,  as  the  light,  and  shadows  of  the  luminous  image  vary,  so 
will  the  power  of  producing  change  upon  the  plate  vary,  and  the  result  will 
be  the  production  of  a  picture  which  will  be  a  faithful  copy  of  nature,  with 
reversed  lights  and  shadows;  the  lights  daricening  the  plate,  while  the 
shadows  preserve  it  white,  or  unaltered.  The  time  required  for  producing 
the  impression  may  vary  from  1  to  60  seconds,  according  to  the  brightness  or 
doaraess  of  the  atmosphere,  and  the  time  oi  day. 

If  the  picture  thus  formed  were  left  without  further  care,  it  would  soon 
fade  away,  and  no  trace  of  it  would  appear  on  the  sur&ce  of  the  plate.  In 
practice,  the  plate  is  not  exposed  to  the  influence  of  light  sufficiently  long  to 
form  upon  its  surface  an  image  visible  to  the  eye,  but  the  picture  is  developed, 
or  brought  out  and  rendered  permanent,  by  exposure  to  the  vapor  of  mer- 
cury. This  metal,  in  a  state  of  very  fine  diviaon,  is  condensed  upon  and  ad- 
heres to  those  portions  of  the  surface  of  the  plate  which  have  been  afifected 
by  the  light.  Where  the  shadows  are  deep,  there  is  scarcely  a  trace  of  mer^ 
cury ;  but  where  the  lights  are  strong,  the  metallio  dust  is  deposited  of  con- 
siderable thickness.  Tliis  deposition  of  mercury  essentially  completes  and 
fixes  the  picture. 

The  reason  why  the  vapor  of  mercury  attaches  itself  only  to  those  portions 
of  the  plate  which  have  been  affected  by  the  chemical  influence  of  light  is  not 
definitely  known :  in  all  probability,  we  have  involved  the  action  of  several 
forces.  It  is  not,  however,  necessary  that  a  surface  should  be  chemically  pre- 
pared to  exhibit  these  results.  A  polished  plate  of  metal,  a  piece  of  marble, 
of  glass,  or  even  wood,  when  partially  exposed  to  the  action  of  %ht,  will, 
when  breathed  upon,  or  presented  to  the  action  of  mercurial  vapor,  show  that 
a  disturbance  has  been  produced  upon  the  portions  which  were  iUuminated  ; 
whereas  no  change  can  be  detected  upon  the  parts  kept  in  the  dark. 

The  next  step  of  the  process  ia  to  remove  from  the  plate  any  iodide  of 
silver  which  may  remain  unacted  upon,  and  which  would  be  liable  to  change 


*  Bromine  forms  a  eoating  even  more  BenBltive  than  iodine,  and  ia  now  eztenaiTelj  lOfA 
in  its  place. 

^  !■  II  ■■____     ■ — ^ ^^^* " 

QusBTiows.— What  1b  the  first  step  of  this  proeeaa  7    What  the  second  ?    Why  does  tha 
Tapor  of  mereorj  develop  the  picture  ?    What  is  the  concluding  part  of  the  procesrf 
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on  expoBing  the  plate  to  light  This  is  effected  by  dipping  the  plate  into  a 
solution  of  hyposulphite  of  soda,  which  dissolves  off  all  the  remaining  sen- 
sitive  coating.  The  plate  is  protected  to  some  extent  from  mechanical  in- 
jury, and  a  richer  and  warmer  effect  given  to  the  picture,  by  covering  it  with 
a  very  delicate  film  of  reduced  gold.  This  is  accomplished  by  dipping  the  plate 
into  a  solution  of  chloride  of  gold,  and  heatmg  it  over  the  flame  of  a  spirit- 
lamp. 

The  surface  of  the  plate  is  rendered  uneven  by  the  operation  of  light  upon 
it,  so  that  it  admits  of  being  copied  by  the  process  oi  electrotyping. 

663.  Paper  Photographs  • — ^The  plan  of  obtaining  permanent  pho- 
tographic images  upon  paper  was  originally  devised  by  Mr.  Talbot  of  En- 
gland in  1839.  The  process  first  followed  consisted  in  soaking  ordinary 
writing-paper  in  a  weak  solution  of  common  salt,  and  when  dry  washing  it 
over  on  one  side  with  a  solution  of  nitrate  of  silver.  This  operation  was 
performed  by  candle-light,  and  the  paper  dried  -by  a  fire.  The  sheet  thus 
prepared,  when  laid  under  an  engraving  or  lea^  and  exposed  to  diffiised 
daylight  for  a  period  of  about  half  an  hour,  receives  a  &ir  imfHressiou,  with 
the  lights  and  shadows  reversed.  The  picture  thus  formed  is  preserved 
fix>m  further  change  by  immersing  it  in  a  solution  of  salt. 

664.  Talbotype . — ^In  1841,  Mr.  Talbot  invented  the  process  known  as 
the  Talbotype,  or  CsJotype,  which  is  essentially  the  plan  at  present  followed 
in  obtaining  photographs  on  paper  by  the  camera.  The  paper  (smooth  writ- 
ing-paper) is  first  brushed  over  with  a  solution  of  nitrate  of  silver,  and  then 
immersed  in  a  bath  of  iodide  of  potassium.  In  this  way  a  sur&ce  of  iodide 
of  silver  upon  paper  is  prepared,  which  is  not  of  itself  sensitive  to  the  ac- 
tion of  light  These  operations  may  be  conducted  in  diffused  daylight,  and 
a  stock  of  paper  may  be  prepared  at  once  and  kept  for  use.  In  order .  to 
render  the  paper  sensitive  to  the  action  of  light,  it  is  washed  over  with  a 
mixture  of  nitrate  of  silver  with  gallic  and  acetic  acids,  and  then  exposed 
in  the  camer&  Unless  the  light  is  very  strong,  the  paper  when  withdrawn 
exhibits  no  image,  or  a  mere  outline,  but  the  compound  has  undergone  a 
very  remarkable  change;  for  if  the  blank  sheet  be  washed  over  with  the 
mixture  of  nitrate  of  silver  with  gallic  and  acetic  acids,  and  then  gently 
warmed,  an  image  appears  with  wonderful  distinctness  and  fidelity,  the  por- 
tions exposed  to  the  strongest  lights  assuming  the  darkest  tints.  The  de- 
velopment of  the  image  in  this  process  appears  to  be  due  to  the  reducing 
agency  of  the  gallic  acid,  which  acts  more  rapidly  upon  those  portions  of  the 
sur&ce  which  have  been  most  freely  exposed  to  the  action  of  light  The  dor- 
mant picture  may  be  developed  many  hours,  or  even  days  after  it  has  been 
produced,  provided  the  paper  be  kept  in  the  dark.  It  seems  as  though  the 
light,  without  actually  producing  a  decomposition  of  the  particles  of  the  sil- 
ver salt  upon  which  it  &lls,  gives  to  them  a  peculiar  condition  of  unstable 
equilibrium,  which  predisposes  to  decomposition  when  acted  upon  by  a  re- 

^^^^»^^^—  ■■■!!■■      ,1  I.I  ^—^^M  I  ■     ■         ^— ^^  —— ^»^^^^M      ■■         ■       I.      aa^— ^^^^^»^»^  ■     ^1    I   ,— ^.Mi^»^»— ^i^^^»^^ 

QinBBTXONB.~-WIutt  WM  tho  original  process  for  obtaining  paper  photographs  f    Describe 
the  Talbotype. 
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ducing  agent  like  galUc  acid.  The  picture  is  preserved  in  this  instance,  as 
in  most  others,  from  future  change,  by  dissolving  off  the  exciting  agents  by 
solutions  of  the  hyposulphites. — Millbb. 

As  silver  tablets  are  expensive,  and  paper  somewhat  unreliable,  glass 
coated  with  a  sensitive  substance  has  been  extensively  introduced  as  a  ma- 
terial for  receiving  the  photographic  images.  Glass  is  chiefly  prepared  for 
this  purpose  in  two  ways ;  by  coating  it  with  a  thin  film  of  albumen  contauuDg 
iodide  of  potassium  (the  albumen  process) ;  or  by  coating  it  with  collodion,  con- 
taining  iodide  of  potassium  (the  collodion  process).*  The  surfiioes  thus  formed, 
when  dried  and  washed  with  a  compound  of  silver,  are  ready  for  exposure 
in  the  camera.  The  collodion  film  can  be  rendered  so  sensitive  to  light,  that 
a  perfect  picture  can  be  formed  upon  it  by  an  exposure  contmuing  for  less 
than  one  second  of  time.  In  what  are  called  amhrotypes^  the  picture  is  first 
formed  upon  a  film  of  collodion  and  then  varnished  with  a  solution  of  bal- 
sam, which  is  thought  to  render  the  image  more  distinct 

Although  the  agents  indicated  are  the  ones  chiefly  employed  in  phot- 
ography, recent  researches  have  shown  that  nature  abounds  in  materials  sns- 
ceptible  of  photographic  action.  Preparations  of  gold,  platinum,  mercury, 
iron,  copper,  tin,  nickel,  manganese,  lead,  potash,  eta,  have  been  found  more 
or  less  sensitive,  and  capable  of  producing  pictures  of  beauty  and  distinctive 
character.  The  juices  of  many  plants  and  flowers  have  also  been  put  into 
requisition,  and  papers  impregnated  with  them  have  been  made  to  receive 
delicate,  though  in  most  cases,  fugitive  images.f  Attempts  have  also  been 
made,  with  a  considerable  deg^ree  of  success,  to  cause  the  light  not  only  to 
draw,  but  also  to  engrave  the  image  upon  a  prepared  basis,  in  such  a  way 
that  the  surface  may  be  used  for  printing. 

665.  Photographs  in  Colors. — All  attempts  to  produce  photo- 
graphs in  their  natural  colors  have  as  yet  been,  on  the  whole,  unsuccespful, 
although  a  partial  success  has,  in  some  instances,  been  attained  to.  The  d^ 
cumstance  that  the  rays  by  which  photographic  effects  are  produced  are  dairk 
rays,  entirely  distinct  from  the  rays  constituting  color,  would  appear,  a  priori^ 
un&vorable  to  a  successful  result. 


*  Albumen  is  prepared  for  this  purpose  by  beating  up  the  white  of  «gg^  with  iodide  of 
potaasiam.  Collodion  mixture  is  formed  by  dissolving  gnn-ootton  in  ether,  and  adding 
iodide  of  potassium. 

t  The  terms  which  hare  been  applied  to  designate  the  effeets  resulting  from  the  use  of 
rarions  materiaia  are  rery  numerons.  Thus  we  liaTe  the  Chtytotup^  in  which  salts  of 
iron  and  gold  are  need ;  Cyamoiiipt^  in  which  impressions  are  produced  by  salts  of  iron,  la 
conjunction  with  those  of  ejranc^en ;  Anthotype,  in  which  Juices  of  the  p<qw7*  'o*^  *^* 
are  employed,  and  many  others. 

Questions. — What  materials  have  been  substituted  as  a  basis  for  phot<^raphic  action  in 
place  of  silver  and  glass?  What  are  the  albumen  and  feollodlon  processes?  What  is  in 
ambrotype  ?  Is  photographic  action  restri^ed  to  a  few  sabstanoesf  Olosfcrate  this  fscL 
What  is  said  of  photographs  la  colors  ? 


ORGANIC   CHEMISTRY. 


Obgakjc  Chemistry  is  that  department  of  science  which 
treats  of  the  chemical  nature  and  relations  of  those  suh- 
stances  which  are  derived,  either  directly  or  indirectly, 
from  organized  beings, — animal  or  vegetable. 


CHAPTER   XVI. 

NATURE  OF  ORGANIC  BODIES. 

666.  Composition  of  Organic  Substances. — The  number 
of  elements  which  enter  ioto  the  composition  of  organic  substances  is  ex- 
tremely limited,  the  great  bulk  of  all  of  them  being  made  up  of  carbon,  hydro- 
gen, oxygen,  and  nitrogen,  with  which  are  generally  associ  ted  extremely 
.  small  quantities  of  sulphur,  phosphorus,  iron,  and  a  few  other  elements.  The 
infinite  differences  of  appearance  and  properties  which  organic  substances 
manifest,  is  due  either  to  a  variation  in  the  number  of  the  combining  atoms 
of  Iheir  constituent  elements,  or  to  a  variation  in  the  grouping  or  arrangement 
of  the  constituent  atoms  as  respects  each  other. 

Thus,  for  example,  vinegar  differs  from  alcohol  only  in  contauiing  a  little 
more  oxygen  and  a  little  less  hydrogen,  while  the  proportion  of  carbon  is  the 
same  in  both ;  the  change  of  properties,  which  is  occasioned  by  this  slight 
change  in  compostion,  is,  however,  exceedingly  great ;  on  the  other  hand,  the 
most  careful  chemical  analysis  reveals  no  difference  in  the  composition  of 
woody-fiber,  starch,  and  gum,  each  consisting  of  precisely  the  same  elements 
united  in  the  same  proportions.  The  difference  in  properties  in  this  case,  is 
supposed  Ito  be  due  to  a  difference  in  the  grouping  of  the  atoms,  somewhat 
as  is  represented  in  figs.  205,  206,  207. 

QunnoivB. — What  is  organic  chemistry  7  What  is  said  of  the  composition  of  oi^nlo 
oompoundfl  7  How  arc  §o  many  different  organic  compoundB  produced  tronx  bo  few  ele- 
ments?   XUostrate  thifk 
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The  nmnbcr  of  socli  isomeric  bodiea  in  or^iaiuo  chemistry  is  vciy  It^e, 
while  their  occuireiice  ia  inoi^aiiio  cbemiatr;  ia  extremel}'  rare. 
Fig.  205.  Fio.  206.  Fio.  20J. 


By  for  the  largest  proportion  of  the  Bubslanoeg  which  make  up  Ihe  Mirs 
tore  of  pUnts  are  composed  of  but  throe  elements — earbon,  hydrogen,  and 
OSygeo.  Animal  substances,  on  the  contrary,  are  generaJly  characlorii«d  by 
tbo  presence  of  nitrogen.  Bodiea  which  contain  nitrogen  are  designated  as 
ozolaed  compounds ;  aod  those  which  are  wanting  in  it,  as  non-azotizfi  ixim- 
poundg. 

687.  The  elemenla  of  organic  bodies,  in  nrnting  with  each  other,  are  gor- 
emed  by  the  same  laws  of  Combination  which  regulate  the  compo^tion  of 
mineral  or  inorganic  substances.  The  manner,  however,  in  which  the  atoms 
of  the  couatituent  elements  are  associated  iu  the  one  class  of  compounds  is, 
in  general,  altogether  different  from  what  it  ia  in  the  other — inorganic  com- 
pounds being  charactenzed,  for  the  most  parl^  by  a  great  simplicity  orco[Dpo< 
sition,  while  those  (rf  organic  origin  are  remarkable  for  their  very  great  com- 
plexity. Thus  water,  HO,  ia  composed  of  1  atom  or  equivalent  of  hj drogcn, 
and  1  of  oxygon ;  Sulphuric  acid,  SOi,  of  1  of  sulphur  and  3  of  oxygen;  h;- 
droohloric  acid,  IICl,  of  1  of  hydrogen  and  1  of  chl.rine,  etc.  On  the  other 
hand,  alcohol  consists  of  4  atoms,  or  oquitalcuta,  of  cucbon,  6  of  bydrogeu, 
and  2  of  oxygen,  its  composition  being  repreaeutcd  by  the  formula  CUTItOi; 
and  ordinary  sugar,  of  12  atoms  of  carbon,  11  of  hydrogen,  and  11  rf"  oxygon, 
or  CijItuOii.  The  composition  of  Btoaric  add,  the  basis  of  stearine,  is  tiao 
represented  by  the  foroiula  CuHmOi.  and  that  of  fibrins,  the  prmcipal  con- 
stituent rf  muscular  fiber,  by  CwHsiDNtgOml'S. 

Aa  a  consequence  of  tbia  complexity  rf  composition,  organic  substancca  an, 
as  a  class,  lar  more  unstable  and  more  liable  to  decompoaition  from  slight 
causes  than  inorganio  aubatancea; — the  power  to  resist  the  action  of  disturb- 
ing forces  decreaung,  asa  general  rule,  an  the  numl^er  of  combined  atoma  or 
equivalents  increaaes.     It  is  also  a  noticeable  &ct  that  all  those  organic 

QniBTioHi.— Wbit  orginlc  bodiea,  u  >  clus,  ire  gencnllr  nnUne  la  nltrDgm  I 
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bodies  which  discharge  high  organic  functions,  as  the  substance  of  the  brain« 
the  nerves,  and  the  blood,  have  a  most  wonderfully  complex  constitution,  and 
are  susceptible  of  disorganization  from  the  slightest  causes.* 

When  organic  substances  are  decomposed  by  the  action  of  heat,  light,  eleo- 
tricHy,  chemical  afi&nity,  and  even  by  mechanical  action,  they  do  not  tend  to 
divide  into  separate  and  isolated  elements,  but  to  form  more  simple  com- 
pounds. Thus  1  (compound)  atom  of  grape  sugar,  O19H14O14,  easily  divides 
in  2  atoms  of  alcohol,  2(G4H603),  4  of  carbonic  acid,  and  2  of  water.  If  an  or- 
ganic body  be  exposed  to  an  intense  degree  of  heat,  with  access  of  air,  its 
constituents  all  unite  with  oxygen  to  form  gaseous  compounds,  and  it  is  com- 
pletely con^med — generally  after  it  has  been  converted  into  a  black,  carbon- 
aceous mass.  The  property  of  blackening  when  a  body  is  exposed  to  heat, 
which  is  due  to  the  presence  of  carbon,  is  a  sure  characteristic  of  its  organic 
derivation. 

668.   Origin    of  Organic   Snbstanccs.— Organic    sub- 
stances have  their  origin  entirely  in  plants. 

The  chemist,  when  he  exerts  his  skill  on  materials  of  an  organic  origin, 
,  extracts  a  series  of  substances,  each  proceeding  from  the  other,  whose  com- 
po^tlon  becomes  more  and  more  simple^  until  it  reaches  some  species  known 
to  mineral  chemistry.  Thus,  from  sugar  we  may  extract  alcohol  and  car- 
bonic acid,  and  from  alcohol  water  and  bi-carbureted  hydrogen.  In  the 
vegetable  organization,  on  the  other  hand,  an  operation  exactly  the  reverse 
takes  place.  The  living  structure  takes  in  air,  water,  and  mineral  elements, 
assimilates  them,  and  In  virtue  of  a  certain  peculiar  force,  builds  them  up  and 
disposes  them  into  groups  of  a  certain  stability — or  into  organic  products. 


*  **  There  is  a  physical  character  which  will  wmetimea  enable  ns  to  give  a  good  gness 
as  to  thiS  simple  or  complex  constitution  of  an  organic  substance — the  faculty  of  crystalli- 
zation. The  power  of  assuming,  on  solidification,  a  distinct  and  often  very  characteristic 
geometrical  form,  appears  to  be  possessed  by  all  chemical  compounds  of  a  definite  and 
constant  composition,  with  the  exception  of  a  certain  number,  principally  to  be  found  in 
a  class  of  organic  substances  of  the  most  complicated  and  unstable  nature.  We  know 
nothiiigi  and  apparently  at  present  can  know  nothing,  of  the  ultimate  structure  of  any 
substance  whatever ;  but  it  is  not  difficult  to  figure  to  one*s  self  some  idea  of  the  graduid 
weakening  of  the  molecular  forces  upon  which  crystallization  depends,  whatever  the  na- 
ture of  those  forces  may  be,  by  an  Increase  in  their  number,  and  in  the  multiplicity  of 
directions  in  which  the  forces  themselves  are  exerted.  It  very  often  happens  that  in  those 
cases  where  crystalline  texture  is  altogether  absent,  we  observe  in  its  place  an  appearance 
of  a  very  different  kind ; — we  notice  that  the  smallest  particles  of  matter  which  can  be 
traced  by  the  microscope  exhibit  a  rounded  or  globular  fignre  instead  of  the  straight  lines 
and  an^es  of  the  crystallizable  compounds.  These  very  fi-equently  appear  to  aggregate 
together  in  strings,  or  rows,  not  altogether  unlike  some  of  the  very  lowest  structures  of 
the  vegetable  world,  where  a  commencement  of  organization  is,  as  it  were,  just  visible. 
The  substances  forming  the  chief  constituents  of  the  animal  body  are  in  this  condition.'* 
'^Aetonian  Prize  Eisay^  ^ownM. 


QuBsnoKS.— What  eircnmstanoes  attend  the  deeompoirftion  of  organic  bodies?  What 
property  indicates  the  derivation  of  an  organic  substenee  ?  What  is  the  primal  origin  of 
all  organic  substances  ?    Illustrate  this.    Do  animal  structures  create  organic  products  ? 
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The  force  bj  which  this  resolt  is  broagfat  about  is  called  the  vital  or  life  force; 
but  we  know  nothing  of  its  nature,  and  recognize  it  simply  by  its  effects. 
.  Organic  substances  thus  originated  pass  into  the  systems  of  animals,  which 
possess  no  power  of  creating  or  forming  the  materials  which  compose  their 
structures,  and  can  only  consume  and  transform  that  which  is  supplied  to  them 
by  plants. 

Man  has  never  yet  been  able  to  artificially  make  an  organic  body ;  by 
which  assertion  we  mean  to  be  nnderstoodf  that  he  has  never  been  able  to 
take  the  single  or  dead  elements,  and  cause  them  to  unite  at  will  so  as  to 
form  compounds  like  those  produced  through  the  agency  of  animal  or  vege- 
table life.  Chemists  are,  however,  able  to  transform  one  organic  body  into 
another,  or  to  unite  materials  derived  from  substances  ahready  organized  into 
compounds  possessing  characters  entirely  different  from  those  of  their  con- 
stituents. Thus,  starch  may  be  transformed  into  sugar,  and  sugar  into  the 
acid  of  ants  (formic  acid);  some  of  the  essential  oils  have  also  been  produced 
artificially,  and  within  the  last  few  years  (1855),  Bertholet^  an  eminent  French 
chemist,  has  succeeded  in  making  alcohol  firom  sulphuric  acid,  water,  and  bi- 
carburetted  hydrogen.* 

669.  Compound  Radical  s. — ^It  has  been  already  shown  that  cyano- 
gen and  ammonium,  compound  bodies,  comport  themselves  in  every  respect 
like  radicals,  or  elements.  In  organic  chemistiy  many  such  compound  radi- 
cals are  recognized,  some  consisting  of  two  elements,  carbon  and  hydrogen, 
and  some  of  three  or  four,  carbon,  hydrogen,  oxygen,  and  nitrogen.  Some, 
like  cyanogen,  correspond  in  properties  to  the  metalloids ;  others,  like  ammo- 
nium, resemble  the  metals,  and  both  by  uniting  witli  oxygen,  chlorine,  and 
acids,  form  oxyds,  chlorides,  and  salts.  Each,  also,  by  the  addition  or  group- 
ing round  it  of  other  molecules,  constitutes  the  root  or  basis  of  a  whole  class 
or  series  of  compounds. 

Thus,  for  example,  carbon  unites  to  hydrogen  in  the  proportion  of  4  atoms 
of  the  former  to  5  of  the  latter,  CUHs,  to  form  a  radical  called  Etftyle,  Etbyle 
oxydated,  forms  oxyd  of  ethyle,  or  ether,  G4Hi'{-0 ;  oxyd  of  ethyle  plus  an 
atom  of  water,  forms  hydrated  oxyd  of  ethyle,  G4lIs,0,H0,  or  alcohol,,  the 
formula  of  which  is  generally  written  04U6O« ;  ethyle,  plus  an  atom  of  chlo- 
rine, forms  chloride  of  ethyle,  04Trs,Cl,  and  if  sulphur  be  substituted  in  tlie 
place  of  chlorine,  we  have  sulphide  of  ethyle,  04lIs^S;  and  in  this  way,  by 

*  The  muaoles  of  animaln  and  the  fiber  of  wood  consist  of  distinct  chemical  compounds, 
which  the  chemist  has  been  able  to  isolate  and  study,  but  not  to  imitate.  It  is  hoped,  and 
expected  by  some,  that  the  power  will  ultimately  be  attained  to  of  artifidally  forming 
those  products  which,  in  the  form  of  meat,  cotton,  fiaz,  etc,  are  so  essential  to  the  wcl- 
&re  of  man.  The  adyocates  of  the  possibility  of  sndh  a  result  find  some  support  for  their 
views  in  the  fact  that  two  organic  bodies,  cyanogen  and  ammonia,  are  undoubtedly  formed 
artlfldaUy  In  the  workings  of  blast-furiiaoes,  but  in  what  manner  it  is  impossibie  at 
present  to  explain. 

Qmssnoif  8.  — Can  we  artifidany  aooomplish  this  f  What  power  do  we  possess  f  What 
are  compound  radicals?  What  Is  the  character  of  the  radicals  recognized  In  organte 
chemistry  f    niustrato  how  dasses  of  compounds  are  formed  fh»n  such  a  basis  f 
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the  continued  addition  or  subtraction  of  elements,  a  great  Variety  of  compound 
bodies  may  be  formed,  all  referable  to  one  central  radical  £thyle  itself  may 
be  also  obtained  from  its  ojtyd,  as  potassium  is  derivable  from  oxyd  of  po- 
tassium, or  potassa,  although  by  a  dififerent  process. 

The  discovery  and  recognition  of  these  compound  radicals  has  greatly 
facilitated  the  progress  of  organic  chemistry,  and  baa  rendered  it  possible  to 
classify  and  arrange  in  groups  a  great  number  of  bodies,  which  from  their  di- 
verse  properties  would  seem  to  have  no  connection  with  each  other.  Thus, 
the  fats,  the  oils,  the  resins,  the  alcohols,  the  ethers,  with  many  coloring, 
odoriferous,  and  medicinal  substances,  are  now  grouped  and  studied  as  de- 
rivatives from  various  central  radicals,  and  not  as  independent  principles. 
There  are,  however,  many  organic  substances  of  gpreat  importance,  the  radi- 
cals of  which  have  not  yet  been  discovered. 


CHAPTER    XYII. 

ESSENTIAL  IMMEDIATE   PRINCIPLES   OF  PLANTS. 

6t0.  Br  the  essential  immediate  principles  of  plants,  we  understand  those 
substances  which  the  plant  appears  to  form,  through  the  agency  of  the  vital 
force,  directly  from  the  inorganic  elements  obtained  from  without ;  or  those 
principles  which  mainly  constitute  the  structure,  in  a  greater  or  less  degree, 
of  all  plants,  and  are  essential  to  their  existence. 

These  substances  are  also  often  spoken  of  as  the  proximate  principles  of 
plants,  and  are  conveniently  divided  into  two  passes,  viz.,  those  which  con- 
tain nitrogen,  as  albumen,  gluten,  vegetable  casein,  etc.,  and  those  which  are 
destitute  of  this  element,  as  vegetable  tissue  (woody-fiber),  starch,  gum,  sugar, 
etc.  The  separation  of  an  organized  substance  into  its  proximate  substances, 
or  principles,  is  called  \\s  proximaie  analysis;  and  its  separation  into  it^  final 
or  simple  elements,  its  MUvmate  analysis. 

In  the  consideration  of  the  two  classes  of  the  proximate  principles  of 
plants,  it  is  most  convenient  to  commence  with  those  which  do  not  contain 
nitrogen  as  a  constituent  element. 

SECTION    I. 

VEGETABLE    TISSUE,     STARCH,     GUK,     SUGAR,    ETC. 

671.  Organic  Structure . — Since  the  discovery  of  the  microscope, 
unwearied  efforts  have  been  made  to  ascertain  the  manner  in  which  dead 
and  inert  inorganic  elements  unite  to  form  organized  and  living  structures. 

QunnoKB. — ^What  do  we  nndenifcand  by  the  esaential  immediate  principles  of  plants? 
Into  what  two  claases  are  the  proximate  principles  of  plants  divided  ?  What  is  under- 
stood by  a  proximate  and  an  ultimate  aoaly^is  ? 
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Tba  result  of  oil  inquiries  Iistb  terminated  in  tlie  eatabliah- 
ment  of  a  aingle  laut,  viz.,  that  the  lowest  prinutrj  rorm 
of  ocgaoisatton  we  can  detect,  wtiether  or  tlie  iadividual 
(aninial  or  T^;etoble)  or  of  ita  parts,  is  a  cdl — a  little  glob- 
ular or  oval  bodj,  membranous  or  solid  ezternallj,  fiuid 
irithiiL  (See  Figs.  30B,  209,  210.)  Beyond  this  we  can 
not  go^  or  ssj  how  it  is  Uiat  the  elementarj  particles  of 
malter  are  led  to  aBmme  this  Ibrm ;  but  the  appearance 
of  c«Us  alwaja  precedes  the  formation  of  ciiculatiog  ves- 
sels, or  anj  of  the  more  oomplez  fbrms  <tf  orsoiua  stnio- 

Cella  onoe  fiumed,  multiply  in  number  by  divisioD  (aeo 
•rigs.  209,  aiO),  and  by  the  iotroducljon  of  new  matter 
from  without,  and  thus  it  ia  that  all  growtli,  or  iacrease  in 
volume  and  weighs  in  all  animals  and  vegetables,  takes 
pisoo  \  and  an  animal  or  plant  is  a  structure  "  built  up 
oT  individual  cells. 


Fia.  211. 


somewhat 
bouse   is   built   of  V^^ 

brksks."      Fig.  SI  I 
repreaenta  a  mag- 
nified view  of  tho     - 
ceUuhir  tissue  of  a         ^°-}^^ 
rootlet.  /^A 

672.  The  natural  ht\ 

figure  of  a  c«U  ia  fSil 

globular,  but  under  ^^Am 

stances  it  may  as-  ^^^ 

8umeagreatvari«?ty  * 

oTfbnus.  ThBhairBonthBsur&ceofplan»aareeelladrawnoutintolubea,ot 
are  composed  of  continuous  rows  of  cells.  Cotton  consists  of  aimple  long 
lisirs  on  the  ooat  of  the  seed ;  and  each  of  theae  haiis  ia  a  single  coll.  P* 
212  ia  amicroscoiHo  appearance  oTa  section  of  the  stalk  of  the  caOa,  showing 
the  arrangement  of  the  cells,  with  passages  between  them.* 


»  of  111* 


kat>  TirlM  from  iboDt  the  tbIRlcth  to  ths  Uuw- 
dl-urr  ifM  li  from  l-300th  u  l-OOOUi  or«n  Inch  la 
lUv  from  «7  to  126  niUioni  of  cell!  In  Uie  compui 
imbered  that  laiaij  iteau  of  pl*""  ■>»<>*  ■)>  " 
»metlme>  of  three  «  foor  Inehei,  i™  my  torn 
tonmllon.  When  a  portlimofany  youni  mi 
inigu.  root,  1>  boUod,  tho  elementafr  oelta  Kp^ 
1  rid  of  fine  nsBdlM,  md  eiiiolnod  by  tha  mUnJ- 


How  io  pUota  and  ol 
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673.  A  UTJajp  cell  poasessca  a  wonderAil  power  of  infloenciDg  cbetnical 
actitra ;  and  what  is  called  "  secreHm"  in  aaiaialB  and  plauta  ia  the  result 
of  the  exercise  </  tbla  fiinctioD.  B;  means  of  it,  the  cell  first  draws  in  or 
secretes  inorganio  matter,  aad  then  Mganizes  it,  or  fits  it  into  its  own  struc- 
ture. Difibreut  cells  manifeat  Tery  diflerant  powers ;  lor  example,  one  kind 
of  cell  will  decompoae  carbonic  add,  reject  tbe  oxygen,  and  preserre  tlie  car- 

Fia.  212. 


bon  within  Ha  walla  or  tiaaaee ;  SDotber  wQI  prodace  out  of  the  inorganic  con- 
stitvienta  of  the  air  the  odoriferous  primnple  of  the  rose;  a  third  will  convert 
a  portion  ofblood  inlo  milk ;  and  yet  to  the  eye  they  are  all  alike,  "a  collec- 
^OQ  cf  little  wet  bladdeia." 

614.  Cellulose,  or  CellnUr  Tisine,  C„H,oOiii.— The  mate- 
riala  of  which  the  wajla  of  the  cells  of  planta  ia  composed  is  termed  in  chem- 
iBUjedbilute,  or  ceUutar  iugue.  It  consists  of  three  elemeots,  carbon,  hydrogen, 
and  oxygen,  and  has  the  same  compoaiLion,  when  pure,  in  all  planta.  It  is 
distinguisbed  among  all  the  aabstanoea  which  enter  into  the  compomtion  ot 
plants  by  its  great  resistance  to  chemical  ageots — a  reliance  which  allows 
ita  separation  in  a  atate  of  purity.  - 

Cellulose  is  nearly  pure  in  cotton,  and  in  tbe  fibera  of  tlie  flax  and  hemp- 
plants,  also  In  p^ier  and  old  liuen  and  cotton  cloth.  The  difference  between 
cotton  and  flax  is  due  umply  to  a  difl^rcnce  in  the  mechanical  construcUon  of 
their  libera;  the  fiber  of  cotton  being  a  flattened  tube  or  liollow  ribbon  with- 
out joinla,  aud  with  pointed  or  rounded  ends;  while  the  flbers  of  Qiix  and 
hemp  con^st  of  rounded  tubes  (cells)  bundled  or  jdnted  together  In  parallel 
directions,  and  easily  separable  into  shorter  and  more  minute  fllaments. 
Cotton  fibera  have  ^at  is  called  a  staple ;  that  ia,  they  are  all  of  the  same 
length,  and  are,  therefore,  easily  spun  by  machinery ;  flax  and  hemp  Bbcra 
are,  on  the  contrary,  irregular  in  length,  and  are  more  rigid  than  cotton,  and 
can  not  be  so  easily  twisted  into  flne,  regular  threads.  Fig.  213  represents 
tlte  microscope  appearance  of  cotton,  and  Fig.  214  that  of  flax. 

Cellulose  is  insoltible  in  water,  alcohol,  ether,  and  dilute  acids.    By  treat- 


it  an  tha  propertieii  of  iwniilMsr 


408  OBOAKIC     CHEUISTBT. 

log  BBwdDBt  MKceniTalj  with  wsnn  water,  aloohol,  ether,  atkaliea  and  tdie, 
Fia,  213..  ^*  ""^  remora  ftoni  the  [^  214, 

wood  all  its  Boluble  cooBtitu- 

Mita,  and  obtain  otUtiloee  ia 

a  pure  coodilion.    B7  cod- 

tinoedoontactwithdikaiii^  . 
I    adds,  and  aUcalies,  cellulose  ^ 

i^  however,  gradoally  de> 

oompooed  and  destroyed. 
.        616.  Gan-colton, 

Pyroxylint.  —  When  celhi- 

loee  Is  subjected  to  ttie  ao- 
I   tioD  of  nitric  acid,  or  to  a 

iDisture  of  nitric  and  w^ 

pburic  acids.  It  gives  up  a 

pmtion  of  its  hjdnigen  and 
oi^en  (as  waterX  and  receiTes  nitric  acid  in  place— becoming  traadbrmed 
thereby,  without  change  of  phjaical  ^ipeaiance,  iula  an  explosive  substance 
which  Is  known  as  gtm-eoUon,  or  pgroxuliM. 

The  process  b;  which  gun-cotton  is  ibmied  is  esaentially  as  follows :  pw- 
feclly  clean  cotton  is  soaked  for  about  Ave  minutes  in  a  mixture  composed 
of  1  part  concentrated  nitric  and,  with  2  parts  coDcenlrated  iiilpburio  add; 
It  is  then  removed,  carefully  washed  with  water  Ihim  every  trace  of  add, 
and  dried  bj  eipceure  to  the  air.  As  thus  prepared,  it  retBins  the  a)q>e*r- 
ance  oT  cotton,  but  inflames  icstantaneoualy  when  touched  with  a  hot  wire  at 
lighted  match,  and  when  struck  with  a  hammer  upon  an  anvil,  explodei 
with  great  violence.  When  used  in  flre-anns,  it  acta  like  gunpowder,  but  its 
explosive  Ibrco  ia  at  least  tour  times  greater  than  that  of  powder,  and  it  does 
not,  moreover,  foul  the  gun  to  the  sama  extent  as  the  latter  substance.  Its 
liability  to  burst  the  gun  and  to  accidental  explosions  has,  however,  caused 
its  rejection  Tor  most  practical  purposes,  and  in  experimenting  with  it  toa 
great  caution  can  not  be  exercised.  By  subjecting  starch  and  sugar  to  treat- 
ment with  nitric  acid,  other  explomve  subslaaces  anali^ua  to  gun-cotton 
may  bo  formed. 

676.  CoUodioD. — Gun-cotton  is  iruoluble  in  both  water  and  alcohol; 
It  dissolves  sparingly  ia  pure  ether,  but  readily  in  ether  contiuning  a  snull 
percentage  of  alcohol  Its  ethereal  solution  conatitutos  a  syrupy  Hquid  which 
yields  by  evaporation  a  thin,  transparent^  powerfully  adhesive  substance^  in- 
Boluble  in  water.  This  product,  which  haa  roeciyed  tho  namo  of  eoBodioii, 
is  advantageously  used  as  a  substitute  for  timrt-platleT  for  the  covering  of 
wounds,  and  also  as  a  sensitive  baua  fur  tiio  reception  of  photographic  pictures 
617.  Parchment   Pape  r. — When  paper  is  exposed  to  a  mixture  of 
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1  parts  concentrated  sulphuric  acid  ((.;.,  l'8Gl,<irtbei'eaboiitH)withl  of  water, 
for  no  longer  time  than  is  taken  in  drawing  it  tbrough  the  acid,  it  is  imme- 
diately converted  into  a  Btroog,  tou^  skin-like  material,  to  wMcb  tlie  nama 
"  pardiment papa"  baa  been  apfdied.  All  traces  of  the  mlpburic  acid  must 
instantir  be  removed  by  nashing.  If  tlie  strength  at  tlie  add  muob  exceeds 
or  lalln  diort  r^  the  limits  named,  the  p^>er  is  eitber  charred  or  transfbrmed 
into  other  oompounds.  Bj  this  treatment,  in  a  little  more  than  a  second  of 
time  a  piece  of  feeble,  poroaa,  unsized  papw  la  rendered  eo  atrrag,  that  a 
ring  eeren  eighths  of  an  inch  m  width  is  said  to  be  c^iable  of  sustaining  a 
weight  of  90  lbs.  The  nature  of  the  diange  thoa  eOectad  is  not  underatood, 
the  chemical  composition  and  weight  of  the  paper  remainii^  unaltered.  It 
is,  however,  somewhat  contracted  in  dimensioDs,  is  not  afTecled  by  water  like 
common  paper,  and  ia  not  decompoHcd  by  heat  and  moisture  like  common 
parcl)menL 

678.  1. 1  g  D I  n  e  > — As  the  growth  of  the  plant  conticuea,  the  walls  of  the 
cells  constitutiiig  the  cellular  tieaae  gEneially  become  incrusted  on  their  in- 
terior sui&ces  with  a  sabstanca  formed  from  the  organic  matters  dissolved 
in  the  sap.  This  subatance  constitutea  the  principal  part  of  the  weight  of 
wood  (Kgnum),  and  is  chemically  known  as  Hgmnt.  It  grows  thicker  with 
the  age  of  the  phtnt,  and  floallj  QUe  np  the  celli^  Fio.  SIB. 

leaving,  however,  minute  porea  ot  conduits  Sit  the 
rarculution  of  the  eap.     Fig.  SIB  represents  a  nu> 
croBcopic  section  of  wood-oells  of  the  birch,  nearly 
filled  up  by  regular  depositions  of  lignine.     The 
differance  between  the  beart-wood  and  sap-wood, 
m  external  wood,  of  a  tree,  is  due  ^mply  to  the  . 
fact,  that  the  ceDa  t^  the  center  are  the  oldest,  and  ^ 
Gousequontly  are  more  densely  and  compactly  Oiled  z' 
with  ligneous  matler  than  those  which  have  been  ' 
Ibnned  later,  and  constitute  the  exterior  of  the  tree. 
It  ia  by  this  thickening  of  the  colls  that  the  skioB 
of&uita  and  the  shells  of  nuts  acquire  their  hard- 
ness, and  it  ia  simply  through  vacations  in  the  continuance  of  this  process, 
and  in  tlie  nature  of  the  materials  deposited,  that  all  the  difibrent  appearances 
rd*  wood  originate ;  the  coloring  and  resinous  matters  of  wood  bedng  deposited 
in  connection  with  the  ligaine. 

Lignina  can  not  be  isolated  in  a  state  of  purity ;  it  is  supposed  to  dif- 
fer somewhat  from  cellulose,  or  the  original  cell  membrane,  in  containing  a 
little  more  hydrogen  and  carbon ;  it  is,  therelbre,  richer  in  combustible  mal^ 
ter. 

G79.  Des  true  live  D  Is  I  illation  O  f  W  e  o  d  .—When  wood  ia  sub- 
jected to  heat  in  closo  vessels  (distillation),  or  with  a  partial  access  of  air,  a  great 

VbU  nmiiiltiiiw  Uia  dlO^rsnes  beneen  Ihe  h«rt-inwd  ind  ■ 

an  other  lUiutraUoDi  «f  tbe  fOniiatlDa  of  Ugntoe  t    What  la  nid  of  tba  ***^*?wl  ooapo- 
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variety  of  products  are  obtained,  which  are  characterized  by  siDgularly  differ- 
ent propertie&  The  prmcipal  of  these  are  charcoal^  which  is  not  volatile, 
and  remains  behind,  Uluminating  gas  (carburets  of  hydrogen),  carbonic  acid, 
water,  pyroligneous  acid,  and  a  resinous  substance  known  as  "  wood-tar." 
Of  Ih.se  several  substances^  the  two  last  mentioned  only  remain  unconsid- 
ered ;  they  are  extensively  used  in  ihe  arts,  and  are  obtained  upon  a  large 
scale  by  distilling  wood  in  iron  cylinders. 

680.  Pyrol igneous  Acid,  sometunes called v;oo(7t;t7i6^ar, is abrown 
acid  liquid,  having  a  strong  smoky  taste  and  flavor.  It  is  obtained  most 
abundantly  by  the  distillation  of  dry  beach-wood — a  pound  of  wood  yielding 
nearly  one  half  pound  of  acid.  Its  uses  and  chemical  composition  will  be 
hereafter  noticed. 

681.  Creosote  Is  a  colorless,  oily  fluid,  obtained  from  pyroligneous 
acid  and  wood-tar.  It  possesses  a  peculiar  penetrating  odor  of  smoke,  aM 
when  applied  to  the  skin  of  the  mouth  or  tongue,  acts  as  a  cautery. 
Creosote  is  one  of  the  most  powerful  antiseptic  agents  known  in  chemistry. 
Hence  the  etymology  of  its  name,  from  the  Greek  Kpeug^  fleshy  and  au^u,  I 
preserve.  Meat  steeped  for  about  24  hours  in  a  solution  of  1  part  of  creosote 
to  100  of  water,  is  rendered  incapable  of  putre&ction,  and  acquires  a  delicate 
flavor  of  smoke.  It  is  indeed  the  presence  of  this  principle  in  wood-smoke 
which  gives  to  the  latter  its  characteristic  smell,  its  property  of  causing  lach- 
rymation,  and  its  power  of  curing  meats  and  fish.  Creosote  diluted  with 
alcohol  is  often  employed  for  relieving  toothache  arising  from  putre&ctive  de* 
cay  in  the  substance  of  the  tooth,  and  as  a  styptic  for  checking  hemorrhage. 
When  taken  internally  in  any  quantity  it,  is  a  corrosive  poison,  but  a  very 
dilute  solution  is  sometimes  given  in  medicine.  It  is  also  extensively  em- 
ployed by  liquor  manufacturers  for  imparting  the  peculiar  smoky  flavor  to 
what  is  called  "  Irish  whiskey." 

682.  Tafi — There  are  several  varieties ^f  tar.  The  kind  so  largely  em- 
ployed in  the  arts,  as  in  ship-building,  is  obtained  by  subjecting  to  a  rude 
process  of  distillation  the  roots  and  wood  of  the  resinous  pine ;  another  va* 
riet>  of  tar  is  obtained  from  tiie  destructive  distillation  of  hard  wood ;  and  a 
third  fro:n  the  destructive  distillation  of  coaI(caaZ-tor). 

Vood-tai  is  insoluble  in  water,  but  soluble  in  alcohol,  and  is  extremely 
rich  in  CArbon,  ^hich  gives  it  in  part  its  black  color.  When  applied  to  wood 
it  ererts  a  presei^ative  action  by  reason  of  the  creosote  it  contains,  and 
also  by  ^reven^ing  the  penetration  of  moisture.  On  distillation,  it  separates 
into  a  volatile  oil  (oil  of  tar)  and  a  non-volatile  substance,  pUcK 

From  oil  ot  tv  a  great  number  of  products  may  be  extracted,  all  of  which 
are  compcimds  cf  carbon  and  hydrogen.     One  of  these,  called  eupion,  an 


QuBsnoirB. — Wh.rt  are  the  products  which  result  from  the  dlstQUtion  of  wood  ?  What 
is  said  of  pyroligneoub  acid  ?  What  of  creosote  ?  To  what  are  the  peculiar  properties 
of  smoke  due  f  What  is  said  of  the  antiseptic  inflnetice  of  creosote  f  What  are  the  uses 
of  creosote  t  What  is  common  tar  the  product  of?  What  are  the  three  varieties  of  tar? 
What  are  the  properties  of  wood-tar  1  What  are  its  products  of  distillation  7  What  is 
said  of  the  products  of  the  distillation  of  oil  of  tar  f 
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oily,  fragrant  substance,  is  the  lightest  of  all  known  liquids.  Another,  par 
rajinej  is  a  white,  crystallizable  substance,  closely  resembling  spermaceti  in 
appearance. 

Coal-Ujr  is  a  mixture  of  solid  and  liquid  hydrocarbons,  and  is  formed  abun* 
dantly  in  the  production  of  illuminating  gas  from  coal,  which  is  a  vegetable 
substance.  It  was  formerly  regarded  as  a  useless  product,  but  within  the 
past  few  years  it  has  been  rendered  valuable  by  the  discovery  of  economical 
methods  of  separating  it  into  its  constituents.  This  is  principally  effected  by 
distilling  at  different  and  carefully  regulated  temperatures,  and  condensing 
the  distillates  in  the  order  of  their  volatility. 

The  first  product  of  distillation  is  a  limpid,  oily  liquid,  called  benzole.  It 
closely  resembles  oil  of  turpentine  in  appearance  and  odor,  and  is  highly 
volatile  and  inflammable.  A  current  of  moist  air  passed  through  benzcde 
becomes  so  thoroughly  and  permanently  impregnated  with  its  vapor,  that  it 
may  be  conveyed  away  in  pipes  and  burned  as  an  illuminating  gas.  The 
application  of  this  property  of  benzole  constitutes  the  essential  feature  of  the. 
so-called  "portable  gas  generators."  JBenzole  is  also  used  to  a  considerable 
extent  as  a  most  ready  and  cheap  solvent  for  various  resins,  camphor,  the 
essential  oils,  grease,  wax,  India  rubber,  and  gutta-percha. 

The  second  important  product  of  the  distillation  of  coal-tar  is  a  heavy  oil, 
not  readily  volatile  at  ordinary  temperatures.  It  is  known  as  "  coop"  oil,  or 
heavy  oil  of  coal-tar,  and  is  extensively  used  for  the  lucubration  of  machinery, 
and  for  illuminatng  purposes. 

Similar  oils  may  also  be  obtained  in  much  larger  quantity  and  more  cheaply, 
by  directly  distilling  the  richer  varieties  of  bituminous  coal :  the  products 
known  as  "  Brcckenridge  coal  oils"  being  produced  in  this  manner.  In  addition 
to  these  oils,  both  coal  and  coal-tar  also  furnish  by  distillation  a  great  variety 
of  other  products ;  among  which  are  a  white  volatile  solid  called  napthdUne^ 
somewhat  resembling  camphor  in  appearance,  and  exhaling  a  faint,  but 
agreeable  odor,  and  several  less  volatile  wax-like  substances,  which  have 
been  employed  to  some  extent  for  the' manufacture  of  candles. 

Coal-tar,  mixed  with  gypsum,  gum  shellac,  and  other  substances,  forms  a 
water-proof  and  durable  material  for  the  covering  of  roofs.  By  subjecting 
the  products  of  coal  and  coal-tar  to  the  action  of  chlorine  and  the  acids,  an 
almost  endless  variety  of  curious  compounds  may  be  generated,  some  of  wliich 
have  important  industrial  applications.  Benzole  distilled  with  nitric  acid, 
yields  a  highly  fragrant  substance  (nitro-benzole^  so  closely  resembling  the  oil 
of  bitter  almonds,  that  it  has  almost  entirely  superseded  the  latter  in  the  pre- 
paration of  perfumery  and  the  scenting  of  soaps.  The  heavy  oil  may  also  be 
converted  by  treatment  with  the  same  add  into  a  beautiful  lemon-yellow, 


QuESTiOKB.— What  ic  coal-tar  ?  B7  what  process  are  the  constitaents  of  coal-tar  sepa- 
rated ?  What  is  the  first  product  of  its  distillation  f  What  are  the  properties  of  benzole  ? 
What  are  its  uses  ?  What  is  coup  oil  ?  What  are  some  of  tiie  other  distiUates  of  coal  ? 
From  what  other  source  beside  coal-tar  may  these  products  be  obtained  ?  What  ia  said 
of  the  compounds  artificiuUy  formed  from  the  distillates  of  ooal  f 
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ciystalline  sabstanoe  {carbazoUc  acid)^  which  is  capable  of  imparting  to  silk 
and  wool  a  briUiant  jellow  color. 

683.  Mineral  Oilii,  Peirokumj  NapfUha,  etc — Oils  similar  in  oomposi- 
tion  and  properties  to  those  obtained  from  the  distillation  of  coal,  are  obeerred 
to  issae  from  the  earth  in  many  localities,  and  often  in  considerable  abundance. 
Tbej  are  suppesed  to  be  generated  bj  the  action  of  intonal  heat  upon  beds 
of  coal,  or  upon  rocks  rich  in  bituminous  matter.  The  nature  of  these  oils 
differs  greatly — ^the  thinner  and  purer  Tsrieties  being  generally  called  naphffuif 
and  the  more  viscid  liquids  petrohum.  The  most  abundant  localities  of  these 
substances  are  in  Persia^  in  the  Tidnitj  of  the  Caspian  sea^  in  Italy,  and  in 
Birmah.  They  are  also  found  in  many  phices  in  the  United  States — the  well- 
known  "  Seneca  od^"  fimnd  in  the  vicinity  of  Seneca  Lake,  N.  Y.,  bemg  a 
product  of  this  character.  At  Baku,  in  Persia,  extenave  beds  of  marl  exist 
which  are  saturated  with  naphtha^  and  in  some  parts  of  this  district  so  much 
combustible  gas  or  vapor  issues  from  the  ground,  that  it  is  used  by  the  in- 
habitants for  cooking,  and  by  certain  religious  sects  for  the  maintenance  of 
a  perpetual  fire.  Naphtha  is  somewhat  used  in  the  arts  in  the  preparation 
of  varnish,  as  a  solvent  for  certain  resms  and  India-rubber,  and  by  the  chemist 
as  a  means  of  preserving  the  metallic  bases  of  the  alkalies — potassium  aod 
sodium — from  oxydation. 

684.  A  8  p  h  a  1 1  n  m — Mineral  Pitchy  Biiumen-4B  another  natural  product 
undoubtedly  derived  from  the  decomposition  of  organic  matter.  It  is  a  bbck 
solid,  closely  resembling  petroleum,  and  melts  at  about  212^  F.  It  is  found 
abundantly  in  many  localities,  especially  in  the  vicinity  of  the  Dead  Sea  and 
in  the  island  of  Trinidad,  W.  I.,  in  which  latter  place  it  constitutes  a  lake 
three  miles  in  drcnmforence  and  of  an  unknown  depth ; — ^the  pitob  lake  of 
Trinidad. 

685.  Contents  of  the  Cells  of  Plants. — ^The  contents  of  the 
cells  of  plants  comprise  all  the  immediate  products  which  plants  produce. 

Growing  and  vitally  active  cells  are  filled  with  liquid ;  completed  cells  may 
stall  be  filled  with  liquid  or  with  air,  or  with  solid  matter  only.  The  liquid 
contents  of  the  v^petable  tissues,  are  generally  spoken  of  as  eap  ;  but  this 
term  does  not  specially  refer  to  any  particular  substance.  Sap,  in  the  first 
instance^  is  water  impregnated  with  certain  gaseous  matters  (carbonic  add, 
ammonia,  eta)  and  a  minute  quantity  of  mineral  salts,  which  are  imbibed  by 
the  roots  of  the  plant  from  the  soil,  and  carried  upward  through  the  stem. 
It  is,  therefore,  in  the  first  instance,  inorganic  in  its  nature.  As,  however, 
it  traverses  the  cells  of-  the  plant,  it  mingles  with  the  soluble  assimilated 
matters  which  these  contain,  and  becomes  changed  in  character,  so  that  un- 
mixed, crude  sap,  is  never  met  with  in  the  plant  On  reaching  the  leaves^ 
it  becomes  further  transformed,  under  the  influence  of  light,  into  oiganizable 
matter,  or  into  matter  capable  of  being  assimilated  by  the  cells  and  converted 

QmBTiOHS.— What  are  minenl  ofls  ?  What  names  are  generally  applied  to  these  pro- 
dnets  f  What  la  said  of  thdr  natnnl  ooenrrenoe  f  What  are  the  naea  of  naptha  ?  What 
iaaaphaltam?  Where  is  it  found  f  What  are  the  contents  of  the  oelli  of  plants?  What 
is  sap  t    Describe  the  saocessire  transformations  of  sap  f 
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into  oTganio  prodncta.  From  the  sap  thua  elaborated,  the  ceS  loaouhctures, 
or  secretes,  all  the  conEtituents  of  the  pUnt 

Of  tbe  non-azotized  Hubstanoes  locreted  bj  the  plant  oells,  tbo  most  abun- 
dant and  nidel;  distributed  a  lignine,  wbicb  haa  boon  already  described.  In 
addition  to  thi^  three  other  aubstancea,  alaruh,  gum,  and  augu',  cloael;  allied 
to  lignine  in  composition,  are  secreted  in  greater  or  less  ^Duodance  by  ■!• 
most  all  plants. 

686.  S I  ft  r  c  h  ,  CiiHigO,g. — This  substance  presents  to  the  miked  eye  the 
appearatjce  of  a  white  powder,  but  wben  viewed  uoder  a  microBcope  is  seen 
to  Gooaist  of  truiBporent  oral  or  rounded  grains,  each  of  nhich  has  a  dark 
cqxit  at  one  extremit;,  with  fine  coocentnc  tinga  drawn  round  it  Tbese 
characteristic  appearanoea  are  beat  seen  m  starch  from  the  polato,  with  a 
magnifTing  power  of  ftom  250  to  &0Q  diameters.  (See  Jig.  216.)  The  mac> 
Flo.  3ie.  '  Fn.  an. 


uitnde  of  the  starch  graJus  varies  extremely  in  the  difTercnt  plants,  and  ereii 
in  the  same  ceU.  Thua  In  tbe  potato  (ho  largest  grains  meaHui-e  Irom  l-300th 
to  l-600th  of  an  meh  in  their  larger  diameter,  but  in  the  smallest  Only 
l-4400tb  of  an  inch.  In  wheat  flour  the  larger  grains  are  from  l-800th  to 
l-900th  of  an  inch  in  diameter.  The  shape  of  the  grains  in  the  same  plant 
or  organ  is  very  nearly  uniform,  but  diScrs  greatly  in  different  plants ;  so 
much  BO,  that  mixtures  of  variouB  alarches  may  be  easily  detected  by  the 
microscope. 

Starch,  while  an  almost  universal  product  of  all  vegetable  cells,  is  accumn- 
lated  more  abundantly  in  some  species  of  plants  than  in  others.  In  the 
common  potato,  each  indtTidual  cell  is  so  completely  filled  and  distended 
with  an  accumulation  of  starch  mingled  witli  water,  that  the  whole  root  baa 
an  appearance  of  delbnnity.  Fig.  21T  represents  the  manner  also  in  which 
the  starch  gr^ns  fill  up  the  cells  of  the  maize  (i.  e.,  in  Indian  meal).  Starch 
is  particularly  abundant  in  all  cereal  grains,  in  all  seeds,  in  the  pith  and  bark 
of  many  trees,  and  in  many  roots  and  tubers  (as  the  potato,  turnip,  carrot 
etc).* 

*  WIwM  amr  wBt«lin  tutm  ■>  ta  IT  par  sant.  of  Minh ;  riM  Hour  ibsnt  M  pur  tmA  t 
iDdUDnmlframlOtDSOpwnnl.:  rrefloDr.  00  ta  SO;  bnolnrlieiit,  AOl  pw  ud  beu 
m«I,  ti :  mi  poUtoei  tioa  IB  Id  16  par  sent  of  Marsh,  mlnilo]  ulih  ibont  TO  puU  si 


Quvrnovs— BcrtdaltgnlfH,  wbatothtf  ODiwMatUed  aatwbknsM  v 
In  thesellBarpUnlar    WliUii  the  sppsaranoe  at  ■tinbl    VHutU 
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The  starch  of  oommeroe  is  usaally  obtained  from  potatoes  or  wheal  The 
essential  features  of  its  process  of  manufacture  consist  in  bruiang  or  grind- 
ing the  vegetable  structure  to  a  pulp,  and  then  washing  the  mass  with  cold 
water  upon  a  sieve.  In  this  operation  the  torn  cellular  tissue  and  some 
other  oonstituonts  are  retained  upon  the  sieve,  while  the  starch  granules  pass 
through  its  interstices  with  the  water.  From  this  liquid  the  starch  separates, 
on  standing,  as  a  fine  white  powder. 

Starch  is  insoluble  in  water,  as  its  mode  of  preparation  necessarily  impliea 
When,  however,  a  mixture  of  starch  and  water  is  heated  to  near  its  boiling 
point,  the  g^ranules  swell,  burst,  and  allow  tiieir  contents  to  become  mingled 
with  the  water,  producing  thereby  a  nearly-  transparent,  glutinous  mas^ 
in  which  the  minute  shreds  of  membraneous  matter,  comprising  the  cell-waila, 
float  The  rounded  and  swollen  appearance  which  potatoes,  peas,  rioe,  and 
most  other  vegetables  assume  when  boiled,  is  due  to  a  distension  of  theff 
starch  granules  through  an  absorption  of  water  at  the  boiling  temp^^ture. 

The  chemical  test  of  starch  is  iodine,  which  forms  with  it  a  beautiful  blue 
compound,  insoluble  in  water.  This  reaction  may  be  strikingly  illustrated 
by  adding  to  a  tumbler  of  pure  water  a  single  drop  of  gelatinous  starch,  and 
then  stirring  the  mixture  wilh  a  glass  rod  inoistened  with  an  alcoholic  solo- 
tion  of  iodina 

The  chemical  composition  of  starch  is  exactly  the  same  as  that  of  cellulose, 
and  it  appears  to  be  especially  the  ready  prepared  material  of  vegetable  iabm, 
which  the  plant  accumulates  in  cells  as  a  provision  for  future  growth,   v 

The  substances  known  as  «a^o,  iapiocdj  and  arrouHroot^  are  only  varieties 
of  starch;  the  former  being  obtained  from  the  pith  of  various  species  of  the 
palm,  and  the  two  latter  from  the  roots  of  certain  tropical  plants. 

68*7.  Dextrinet  —  When  thick  gelatinous  starch  is  boiled  for  a  few 
minutes  with  a  small  quantity  of  dilute  acid,  as  sulphuric  acid,  for  example^ 
it  speedily  loses  its  viscidity,  and  becomes  changed  into  a  fluid  as  thin  and 
limpid  as  water.  If  the  acid  be  now  withdrawn,  by  saturation  with  chalk 
(which  combines  with  it  to  form  insoluble  sulphate  of  lime),  and  the  liquid 
be  gently  evaporated  to  dryness,  it  furnishes  a  substance  resembling  gum, 
which  is  termed  dextrine.*  This  new  body  is  freely  soluble  in  cold  water, 
and  has  exactly  the  same  composition  as  gelatinous  starch,  but  is  not  colored 
by  iodine. 

If|  instead  of  interrupting  the  action  of  the  acid  upon  the  starch  as  soon 
as  the  mixture  has  become  clear  and  thin,  we  continue  the  ebullition  for  sev- 
eral hours^  adding  from  time  to  time  small  quantities  of  water  to  supply  the 


*  Dextrine,  so  eaJled  flrom  tlie  eiramuitanee  that  when  a  beam  of  polarized  Ught  ia 
passed  through  its  soluiion,  it  causes  the  plane  of  polarisation  to  turn  to  the  right. 

QuisBTiOKB. — From  what  sources  is  it  generally  obtained  f  How  is  starch  manufao- 
tnred  ?  When  starch  is  boiled  in  water,  what  takes  place  ?  What  is  Uie  chemical  test  of 
starch?  What  is  its  chemical  compostUon?  What  is  sago,  tapioca,  and  arrow-root? 
What  is  dextrine  I  How  is  starch  oonverted  into  dextrine  f  How  is  dextrine  oonverted 
into  sugar  ? 
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place  of  that  lost  by  evaporation,  and  finally,  nentraliziDg  the  acid  by  chalk, 
filter  and  boil  down  the  clear  solution  to  a  small  bulk,  we  obtain  a  syrupy 
liquid,  which  on  standing  for  a  few  days,  entirely  solidifies  to  »  mass  of 
grape-sugar,  exceeding  in  weight  the  starch  fix)m  which  it  was  produced. 

How  tills  transformation  of  starch  into  dextrine,  and  dextrine  into  sugar, 
is  efifected  is  not  fully  understood.  The  acid  employed  undergoes  neither 
change  nor  diminution,  and  if  not  volatile  may  be  recovered,  without  loss,  after 
the  conclusion  of  the  experiment ;  nothing,  moreover,  is  withdrawn  from  the 
a>r,  and  no  other  substances  but  dextrine  and  grape-sugar  are  generated. 
Chemists,  therefore,  have  very  generally  adopted  the  conclusion  that  the  acid 
occasions  the  transformation  and  change  in  question  by  its  mere  presence, 
and  the  phenomenon  is  cited  as  an  example  of  catalysis.  (§  255,  p.  161.) 
Spongy  platinum,  as  has  been  already  pointed  out  (§  296),  apparently  acts 
in  a  similar  manner,  and  is  capable  of  exciting  chemical  activity  in  contiguous 
substances  without  being  itself  afiected.  In  the  case  of  the  dextrine,  as  its  chem- 
ical composition  is  precisely  the  same  as  that  of  starch,  the  difference  in  prop- 
erties is  referred  to  a  change  in  the  arrangement  of  its  constituent  atoms  of 
carbon,  hydrogen,  and  oxygen.  In  the  conversion  of  the  dextrine  into  sugar, 
the  chai^  seems  to  be  effected  by  a  fixation  or  incorporation  into  the  for- 
mer substance  of  an  additional  quantity  of  the  elements  of  water,  hydrogen 
and  oxygen — as  the  sugar  thus  produced  sensibly  exceeds  in  weight  the 
starch  employed. 

688.  Diastase . — ^There  are,  however,  several  other  methods  by  which 
these  same  changes  in  starch  may  be  ejected,  in  addition  to  the  one  noticed. 
Thus,  all  seeds  in  the  act  of  germinating,  and  all  buds  in  developing,  pro- 
duce fix>m  the  nitrogen  compounds  which  tliey  contain  a  very  peculiar  sub* 
stance  called  disastase.  This  body,  which  the  chemist  has  never  yet  been 
able  to  fully  isolate,  possesses  the  same  power  as  the  dilute  acid  of  converting 
a  large  quantity  of  starch,  first  into  dextrine  and  then  into  sugar.  Its  ac- 
tion, however,  takes  place  at  a  much  lower  temperature  than  that  of  ebul- 
lition. ^ 

This  fact  may  be  experimentally  shown  by  mixing  a  little  infusion  of  malt 
(grerminated  barley)  with  a  considerable  quantity  of  thick  starch  paste,  and 
subjecting  the  whole  to  a  gentle  heat  not  exceeding  160°  P.  In  a  few  min- 
utes the  mixture,  from  the  production  of  dextrine,  becomes  thin  like  water, 
and  if  the  temperature  be  kept  up  during  three  or  four  hours,  the  liquid  will 
be  found  to  have  acquired^  sweet  taste,  and  to  be  rich  in  sugar.  The  quan- 
tity of  dextrine  necessary  to  effect  this  change  is  very  small — one  part  in  two 
thousand  parts  of  starch  being  sufficient  to  entirely  convert  the  latter  into 
sugar.  A  boiling  heat  coagulates  the  diastase,  and  by  rendering  it  insoluble 
destroys  its  power. 

The  well-known  sweet  taste  which  fniits  and  vegetables  acquire  by  freez- 

QuEsnoxTB. — What  is  said  of  these  transformations  f  Ho-w  do  germinatlTe  seeds  and 
bar's  act  upon  starch  ?  What  is  disastase  ?  Hoir  may  its  properties  be  illusti ated  ?  Wh/ 
ate  frozen  thawed  fruits  and  vegetables  sweet? 
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ing  and  thawing,  is  due  to  the  &ct  that  the  starch  which  they  contain  is 
converted,  in  part,  by  the  action  of  the  frost,  into  sugar. 

689.  Dextrine  is  used  extensively  in  the  arts  as  a  substitute  for  gum ;  i.  &, 
for  the  stiffening  and  glaadng  of  muslins,  in  calico-printing,  and  in  the  printmg 
of  wall-papers.  It  is  manufiictured  for  industrial  purposes  by  simply  roasting 
dry  potato-stardi,  or  subjecting  it  to  a  heat  of  about  400^  F.  By  this  treat- 
ment the  starch  acquires  a  yellowish  tint  and  is  rendered  soluble  in  water. 
Dextrine  occurs  in  commerce  under  the  name  of  *'  British  gum.^] 

690.  tt  u  m . — ^In  addition  to  dextrine,  wliich  is  found  in  greater  or  less 
quantity  in  the  juices  of  every  plant,  the  term  g^m  is  generally  appUed  to 
designate  certain  vegetable  substances  which  possess  the  same  elementary 
composition  as  starch,  and  which  are  soluble  in  water,  but  not  in  alcohol 
In  some  plants  they  exist  so  abundantly,  that  they  exude  from  the  baric  as 
viscid  liquids,  which  subsequently  harden  into  transparent,  globular  masses. 
Familiar  illustrations  of  this  may  be  noticed  on  peach  and  cherry  trees.  The 
term  resin  is  rightly  applied  to  those  hardened  vegetable  juices  only  which 
do  not  soften  or  dissolve  in  water,  but  are  soluble  in  alcohol 

The  most  important  g^ms  of  commerce  are  gum  arabic,  gum  senega!,  and 
g^m  tragacantb. 

Gum  arabic  is  the  product  of  a  species  of  acacia  which  grows  abundantly 
in  Africa  and  Arabia ;  gum  Senegal,  the  product  of  a  similar  tree,  derives 
its  name  from  Senegal,  in  Africa,  the  district  Scorn  which  it  was  originally 
exported.  Both  of  these  gums  are  fi'eely  soluble  in  water,  and  form  with  it 
a  mucilage  much  used  for  paste ;  the  mucilage  yielded  by  gum  Senegal  being 
somewhat  thicker  than  that  formed  by  gum  arabia  The  pure  gummy  sub- 
stance contained  in  them  may  be  precipitated  from  its  solution  in  water  by 
alcohol,  and  is  termed  arabine. 

Gum  tragacanth  is  the  product  of  a  shrub  found  extensively  in  Asia  Minor 
and  Persia,  and  is  composed  mainly  of  a  substance  termed  iHtsorine.  It  swells 
very  much  in  water,  and  forms  a  thick  adhesive  paste,  but  can  hardly  be  said 
to  dissolve  in  it.    It  is,  however,  soluble  in  caustic  alkalies. 

Gum  is  an  essential  constituent  of  the  cereals,  and  of  most  seeds,  and  is 
abundant  in  many  vegetables.  Wheat  flour  contains  about  3  per  cent.;  rye 
flour,  11;  Indian  com,  2*2;  peas,  6*3;  kidney  beans,  19;  potatoes,  3*3; 
cabbage,  2*8. 

69L  M  u  0  i  I  ag  0  •— Many  seeds,  as  flax  seed,  and  many  roots,  barks,  and 
leaves  of  plants,  as  slippeiy-elm  bark,  marsh  mallow,  etc.,  yield,  when  di- 
gested with  water,  gummy  and  stringy  liquids.  To  such  products  the  gen- 
eral name  of  vegetable  mucilage  has  been  applied,  and  their  chemical  com- 
position is  believed  to  be  the  same  as  that  of  starch  and  gum. 

692.  P  e  c  t  i  n  e ,  or  pectic  acid,  is  a  gelatinous  substance  found  in  the 


QnwnoKB.— What  are  the  ases  of  dextrine  ?  What  is  **  Britlnh  gnm  f  *  To  irhat  other 
substances  is  the  term  gum  applied  ?  How  does  a  gum  differ  from  a  resin  ?  What  ars 
the  principal  gUms  of  commerce  ?  From  whence  are  they  derived  ?  What  are  their  gen- 
eral properties  ?  What  is  said  of  the  general  occurrence  of  gum  as  a  vegetable  product? 
What  is  mudhige  ?    What  is  pectine  ? 
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juices  of  a]l  ripo  fleshy  fruits,  and  allied  in  composition  to  starch,  gum,  and 
mucilage.  It  is  the  agent  which  communicates  to  the  juices  of  fruits  the 
property,  when  boiled  (especially  in  connection  with  sugar)  and  cooled,  of 
hardening  into  j  jUy,  and  is  hence  sometimes  called  "  vegetable  jelly." 

693.  Sugar , — ^The  term  sugar  is  ordinarily  used  to  designate  the  sweet 
principle  of  plants.  The  chemist,  however,  at  the  present  day  applies  it  to  a 
large  number  of  bodies,  which  differ  greatly  from  one  another  in  their  prop- 
erties. Thus  we  have  sugars  which  are  derived  from  both  vegetable  and 
animal  organisms — sugars  which  are  sweet,  sugars  which  are  slightly  sweet, 
and  some  which  are  destitute  of  sweetness ;  some  suigars,  also,  are  capable 
of  fermen^tion,  others  do  not  undergo  this  change;  some  are  fluid,  but  most 
are  solid.  All  sugars,  however,  agree,  with  perhaps  a  single  exception,  in  one 
respect — ^they  consist  of  carbon,  hydrogen,  and  oxygen,  with  the  two  latter 
elements  united  to  the  former  in  exactly  the  proportions  which  form  water. 

Sugar  exists  in  greater  or  less  abundance  in  all  plants,  and  it  is  from  this 
source  only  that  we  obtain  our  supplies.  It  abounds  most  in  the  growing 
parts,  in  the  stems  just  before  flowering,  as  those  of  the  sugar-cane,  maize, 
maple,  etc ,  in  pulpy  fruits,  and  in  seeds  when  they  germinate.  like  starch, 
it  appears  to  be  a  material  especially  intended  to  subserve  the  growth  and 
nourishment  of  the  plant ;  but  unlike  it,  it  exists  in  the  plant  only  in  solution. 

All  the  numerous  varieties  of  sugar  may  be  conveniently  arrangg^d  in  four 
classes,  viz.,  the  cane  sugars,  the  grape  sugars,  the  manna  sugars,  and  the 
sugar  of  milk. 

694  Cane  Sugar,  CijUnOn--^— This  variety  of  sugar  includes  the  sugar 
of  the  sugar-cane,  beet  sugar,  palm  or  date  sugar,  maple  sugar,  and  the  sugar 
of  the  maize  and  of  the  fuUy  ripe  sorghuuL  It  is  also  found  in  many  of  our 
common  meadow  grasses,  and  in  the  juices  of  melons,  carrots,  and  turnips. 
Plants  which  have  but  little  acid  in  their  sap  contain  for  the  most  part  cane 
sugar ;  the  chemical  reason  of  this  is,  that  cane  sugar,  by  the  action  of  acid 
substances,  is  gradually  converted  into  grape  sugar,  even  in  the  interior  of 
the  growing  plant 

About  eleven  twelfths  of  all  the  sugar  extracted  for  use  is  obtained  from 
the  sugar-cane,  and  the  yearly  production  from  this  source,  over  the  whole 
globe,  has  been  estimated  at  4,500,000,000  lbs.  Of  this  enormous  quantity, 
the  population  of  Great  Britain  are  certainly  known  to  consume  at  least  two 
elevenths.  The  method  of  manu&cturing  sugar  from  the  cane  (and  also  from 
the  beet)  is  essentially  as  follows :  the  juice  extracted  from  the  vegetable 
structure  by  pressure,  is  mixed  with  a  small  quantity  of  hydrate  of  lime 
(slacked  lime),  and  rapidly  heated  to  near  the  boiling  point.  The  action  of 
the  lime  is  twofold :  it  removes  or  neutralizes  the  acid  which  rapidly  forms  in 
the  fresh  juice,  and  at  the  same  time  unites  with  and  precipitates  the  glutin- 

^^^™  I     I  ■■  III  -  ■  ■■  ■  _  ■  ■      ■        ^  —        111  ■        —  11  ,  ,  , 

QmBsnoKB. —  What  is  its  most  noticeable  property  ?  Wbat  is  the  ordinary  signiflea^on 
of  the  term  sagar?  Is  the  term  restricted  in  a  chemical  sense  to  any  particular  sub- 
stance ?  In  what  respect  do  all  sugars  agree  f  What  is  said  of  the  natural  occurrence  of 
sugar?  Into  what  four  classes  may  all  'sugars  be  divided?  What  sugars  are  included 
under  the  name  of  cane  sugars  ?    How  is  cane  sugar  manufactured  ?    Why  is  lime  used  ? 
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OTIS  matters  contained  in  the  juice.  The  removal  of  1hea&  latter  substances  is 
an  essential  part  of  the  process,  as  a  short  exposure  to  the  atmosphere  occa- 
sions their  fermentation,  which  in  turn  converts  the  sweet  juice  into  a  sour 
and  spirituous  liquid,  totally  unfit  for  the  manufictnre  of  sugar.  The  juice, 
after  darification,  is  rapidly  evaporated  in  open  pans  to  a  thick  syrup,  and 
then  run  into  wooden  vessels  to  cool  and  crystallize,  and  finally,  when  crys- 
tallized, is  allowed  to  drain  in  perforated  casks.  The  product  remainmg  after 
drainage,  is  the  common  raw  or  brown  sugar,  while  the  dralnings  constitute 
molasses. 

696.  MolassOM  is  uncrystallizablo  sugar.  It  does  not  pre-exist  m  the 
juice  of  the  cane,  but  is  produced  at  the  expense  of  the  crystallizqble  sugar, 
mainly  by  the  high  temperature  used  in  the  concentration  of  the  sacdiar- 
ine  solution.  In  improved  processes  for  the  manufacture  of  raw  sugar,  and 
always  in  the  refining  of  sugars,  the  boiling  of  the  syrups  is  conducted  in 
what  are  called  *'  vacuum  pans,"  which  are  large  metallic  boilers  so  con- 
structed that  they  can  be  exhausted  of  air.  The  boiling  point  of  the  syrupy 
owing  to  the  absence  of  atmospheric  pressure,  is  thus  reduced  to  about 
150O  F.,  and  the  formation  of  molasses  almost  entirely  prevented. 

The  process  of  manufacturing  raw  sugar,  although  apparently  most  simple^ 
is  attended  with  many  difficulties  in  practice ;  so  much  so^  that  of  the  18  per 
cent  of  sugar  contained  in  the  cane  juice  of  the  West  India  Islands,  not 
more  than  6  per  cent,  or  one  third  of  the  whole,  is  usually  sent  to  market  in 
the  state  of  crystallizable  sugar. 

696.  The  Refining  of  Sngaris  not  generally  carried  on  in  oonneo- 
tion  with  manufacture  of  the  crude  product  It  Is  effected  by  dissolving  the 
brown  sugars  in  water,  adding  albumen  (whites  of  eggs,  or  bullocks'  blood), 
and  sometimes  a  little  lime-water,  and  heatmg  the  whole  to  the  boiling  point 
The  albumen,  under  the  influence  of  heat,  coagulates,  and  forms  a  kind  of  net- 
work of  fibers,  which  inclose  and  separate  from  the  hquid  all  the  medianically 
suspended  impurities.  The  solution  is  then  decolorized  by  filtering  through 
animal  charcoal,  concentrated  by  evaporation  in  vacuum  pans,  and  allowed  to 
crystallize  in  conical  iron  molds.  The  molasses,  or  drainings  whidi  escape 
finom  refined  sugar,  by  means  of  orifices  opened  in  the  bottom  of  these  molda^ 
is  sold  under  the  name  of  Sugar-house  Syrup^  Stuart's  Syrup,  etc.  The  time 
required  for  the  perfect  crystallization  and  separation  of  the  white  sugar  in  the 
molds  is  fix)m  18  to  20  days,  during  which  period  the  syrup  is  fi^quently 

stirred  in  order  to  prevent  the  formation  of  crystals  of  a 

Fio.  218.        ^^'K®  size. 

69*7.  Sugar  Candy. — ^When  a  strong  soluticm  of  re- 
fined sugar  is  allowed  to  evaporate  slowly  and  uninterrupt- 
edly, the  sugar  separates  in  the  form  of  large^  transparent, 
colorless  cr3n3tals,  having  the  form  of  an  oblique,  six-sided 
prisms.  See  Fig.  218.  In  this  state  it  is  known  aB 
"Sugar,"  or  "Rock  Candy." 

QuBBTioNB.— What  iB  molasaea  r    How  Ib  it  formed  ?    How  it  sogar  refined  f    What  is 
sugar  candy?  ^ 
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In  many  parts  of  Europe,  especially  in  France,  sugar  is  extensively  manu- 
&ctored  irom  the  beet  root,  the  juice  of  which  contains  about  8  per  cent,  of 
cane  sug^ar.  A.t  the  present  time,  about  360  millions  of  pounds  of  sugar  are 
annually  obtained  from  this  source  on  the  continent  of  Europei  or  about  7  per 
cent  of  all  the  sugar  consumed  in  the  world. 

The  amount  of  sugar  annually  extracted  from  the  date  palm  (principally  in 
India  and  the  South  Pacific),  is  estimated  at  220  millions  of  pounds ;  while 
the  quantity  anuually  obtained  from  the  sugar  maple  of  North  America  is 
about  45  million  pounds.  / 

698.  When  cane  sugar  is  heated  to  about  400°  F.,  it  gives  up  two  equiva- 
lents of  hydrogen  and  oxygen  (water),  and  is  converted  into  a  dark-brown 
Bubstanc?,  termed  caramel  This  lody  is  freely  soluble  in  alcohol  and  water, 
and  is  extensively  used  for  the  coloration  of  spirits — the  color  of  all  dark 
brandies  beiog  due  to  it. 

699.  Grape  Suga  r. — Ghtcoge;  Sugar  of  Fruits^  C18H14O14. — ^This  var- 
iety of  sugar  includes  the  sugar  of  grapes,  of  ripe  fruits,  of  honey,  and  of  seeds ; 
together  with  the  sugars  artificially  produced  from  starch  and  woody  fiber. 
It  is  more  generally  difiused  in  nature  than  cane  sugar,  and  is  the  product  of 
most  plants  which  contain  acids  or  sour  juices. 

The  white  coating  upon  dried  grapes  (raisins),  figs,  etc. ;  and  the  white, 
brittle  granules  found  in  the  interior  of  these  fruits,  is  grape  sugar ; — Whence 
the  origin  of  the  name. 

Grape  sugar  may  be  abundantly  obtained  from  the  juice  of  ripe  grapes  and 
pure  honey,  by  washing  with  cold  alcohol,  which  dissolves  the  fluid  syrup. 
It  may  also  be  prepared  by  treating  starch  with  sulphuric  acid  in  the  manner 
already  described*^  sugar  from  this  soiirce  has  received  the  distinctive  name 
of  glucose,  and  is  very  largely  employed  in  Europe  for  ordinary  sweetening 
purposes,  for  confectionary,  for  adulterating  cane  sugar,  and  for  the  manufac- 
ture of  spirituous  liquors  by  fermenting  and  distilling.  In  the  United  States, 
the  low  price  of  cane  sugar  renders  its  manu&cture  unprofitabla 

In  addition  to  starch,  woody  fiber  of  all  kinds,  paper,  cotton,  flax,  cotton  and 
linen  rags,  and  even  saw-dust,  may  be  converted  into  grape  sugar  by  heating 
in  connection  with  dilute  sulphuric  add.  The  operation  is  somewhat  slower 
than  when  starch  alone  is  employed,  which  is  partially  explained  by  the  fact, 
that  the  acid  first  changes  the  woody  fiber  into  starch,  and  then  the  starch 
into  dextrine  and  sugar. 

Almost  all  thov  adds,  even  when  very  dilute,  convert  cane  sugar  into  grape 
sugar. 

Qrape  sugar  is  BometimeB  produced  in  the  animal  system,  and  its  appear- 
ance in  the  urine  in  great  quantities  is  a  characteristic  feature  of  a  very  &tal 
dise&se  termed  diabetes* 

Qttbstions. — ^What  Is  said  of  the  production  of  beet,  date,  and  maple  sugars  ?  What  is 
caramel  1  What  are  grape  sugars?  What  are  familiar  examples  of  grape  sugar  ?  How 
knay  it  be  prepared?  What  other  substances  besides  starch  may  yield  grape  sugar? 
What  is  the  aetiou  of  adds  upon  caae  sugar  ?  Does  grape  sugar  ever  oocur  in  the  animal 
rfstem? 
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700.  Essential  PifferonooR  of  Cane  and  Orape  Sugars. 

— Cane  sugars  are  popularly  distinistiished  £:oni  everj  other  yariet/  of  sugan 
hy  their  greater  sweetness  or  sweetening  power ;  three  parts  being  equivalent 
in  this  respect  to  five  of  grape  sugar.  Cane  sugar  dissolves  niore  readily  in 
water  than  grape  sugar ;  one  pound  of  cold  water  dissolving  three  pounds  of 
the  former  and  but  one  of  the  latter.  Cane  sugar,  when  pure^  remains  diy 
and  unchanged  in  the  air,  crystallizes  readily,  and  when  acted  upon  by  sal- 
pliuric  acid,  is  blackened;  grape  sugar,  on  the  contraiy,  absorbs  moistore 
from  the  atmosphere,  and  becomes  damp ;  is  not  easily  cryf^allized,  and  when 
digested  in  sulphuric  acid,  dissolves  fireely  without  blackening. 

As  respects  chemical  composition,  cane  sugar  differs  fi'om  starch  and  woody 
fiber  in  simply  containing  an  additional  equivalent  of  the  elements  of  water-^ 
the  formula  of  the  latter  being  CisHiodo,  while  that  of  cane  sugar  is  CisHnOii. 
Grape  sugar  contains  relatively  less  carbon  than  either  starch  or  cane  sugar, 
its  formula  being  CisHuOii. 

Grape  sugar  may  be  prepared  artificially  firom  various  substances,  but  cane 
sugar  can  not  be  so  obtained. 

These  two  varieties  of  sugar  may  be  easfly  distinguished  from  each  other 
by  their  reactions  with  oxyd  of  copper:  thus,  if  we  add  to  separate  solutions 
of  cane  and  grape  sugars  a  few  drops  of  sulphate  of  copper  (blue  vitriol),  and 
afterward  caustic  potash  in  excess,  we  obtain  deep^blue  liquids,  which  ex« 
hibit  very  different  characters  when  heated ;  the  solution  of  cane ,  sugar  re* 
tains  its  blue  color,  while  that  of  grape  sugar  throws  down  a  copious  reddish 
precipitate  of  suboxyd  of  copper. 

Sugar  often  acts  the  part  of  an  acid,  and  is  capable  of  uniting  with  bases — 
potash,  bar3rta,  lime,  etc. — ^to  form  salts  called  sacckaraies.  Most  of  the  sugars^ 
when  left  in  contact  with  certain  nitrogenized  substances,  called  yeasts  or  fer- 
ments, become  decomposed,  and  pass  into  alcohol  and  carbonic  acid.  Grape 
sugar  is  especially  susceptible  of  this  change;  and  cane  sugar,  before  it  under- 
goes fermentation,  always  passes  into  grape  sugar. 

^Ol.  Manna  8  u  g  a  r  S)  Ce  Ut  Ot ,  are  distinguished  firom  other  sugars  in 
three  particulars :  they  do  not  contain  hydrogen  and  oxygen  united  to  carbon 
in  the  proportions  which  form  water;  they  are  inferior  in  sweetness  toother 
sugars;  and  they  do  not  ferment  under  the  infiuence  of  yeast  Manna  sugars 
are  somewhat  extensively  distributed  in  the  vegetable  organization,  and  exist 
most  abundantly  in  Tnanrutj  which  is  a  dried  juice  of  certain  species  of  ash- 
trees  growing  in  southern  Europe.  They  are  also  found  in  the  juices  of  the 
onion,  asparagus,  celery,  mushrooms,  and  in  several  sea-weeds;  and  may  be 
artificially  prepared  fi^m  orduiary  sugar  by  a  peculiar  kind  of  fermentation. 

702.  Sugar  of  Milk  .--LacUne,  C94HMO84.— This  peculiar  substance  is 
the  sweet  principle  of  milk.    When  the  curd  is  separated  in  the  making  of 


QuKBTiOHB. — What  are  the  enential  difTerenees  of  cane  and  grape  sqgar?  By  what 
chemical  test  may  the  two  be  distiagoished  f  How  does  sagar  comport  itself  as  req»eets 
the  bases  f  What  is  a  property  of  most  sngars  ?  What  are  the  characteristics  of  manna 
sugars  f    What  is  said  of  their  occurrence  ?    What  is  said  of  the  sugar  of  milk  t 
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dieese,  the  sugar  remains  in  the  whey,  and  may  be  obtained,  in  the  form  of 
white  prismado  crystala,  by  evaporating  the  whtey  to  a  small  bulk,  and  allow- 
ing it  to  cool.  It  is  much  less  soluble  and  less  sweet  than  cane  sugar,  and  in 
a  solid  state  feels  gritty  between  the  teeth.  It  is  principally  manu&ctured  in 
Switserland,  and  is  used  extensively  in  homoeopathic  medicine,  as  envelope 
for  remedial  substances.  It  has  hitherto  been  detected  in  only  ohe  vegetable 
production — ^the  acom. 

703.  The  conversion  of  starch  into  gummy  matter  and  sugar,  and  that  of 
the  latter  into  starch,  is  a  very  common  result  in  the  vegetable  kingdom. 
Unripe  fruit,  as  apples,  pears,  etc.,  contain  an  abundance  of  starch  ;  this  may 
be  proved  by  applying  the  tincture  of  iodine  to  a  freshly-cut  surface.  When 
the  fruit  is  completely  ripened,  this  reaction  can  not,  however,  be  obtsdned ; 
the  starch,  Uierefore,  has  disappeared,  and  has  been  replaced  by  sugar,  as  is 
made  evident  by  the  sweet  taste  which  the  fruits  have  acquired.* 

SECTION    II. 

ALBUMEN,    OASEINE,    GLUTEN. 

"704.  Associated  with  the  non-azotized  substances  in  all  plants,  is  another 
class  of  compounds,  equally  important,  but  much  less  abundant,  than  the  for- 
mer. These  are  the  nitrogenized  or  albuminous  compounds,  the  principal  of 
which  are  known  as  Albumen,  CaseiDC,  and  Gluten. 

tOS.  Albumen  is  widely  disseminated  through  vegetable  structures,  and 
also  exists  abundantly  in  the  animal  economy ;  the  white  of  ^gs,  and  the 
serum,  or  thin,  transparent  part  of  the  blood,  being  essentially  composed  of 
albumen  dissolved  in  water. 

Albumen  dissolves  freely  in  cold  water,  and  forms  a  tasteless,  glairy,  trans- 
parent fluid ;  if  heated,  however,  to  about  158°  F.,  it  coagulates,  or  becomes 
insoluble  in  either  hot  or  cold  water.  This  change  may  be  especially  noticed 
in  the  cooking  of  ^gs.  Alcohol,  creasote,  corrosive  sublimate,  and  many 
other  substances,  are  also  capable  of  transforming  albumen  from  a  soluble  into 
an  insoluble  condition. 

*  "  A  similar  metamorphosis  is  also  notiioed  in  the  potato.  The  qaantity  of  stardi  eoa* 
tained  in  100  lbs.  of  the  same  kind  of  potatoes  has  heen  found  to  be  in  Angnsfe,  10  ponndst 
in  September,  14;  in  October,  15;  in  Noyember,  16 ;  in  December,  17 ;  in  January,  17; 
in  February,  16 ;  in  March,  15 :  in  April,  13 ;  in  May,  10.  Accordingly,  the  quantity  of 
■feareh  in  potatoes  increases  during  the  autumn,  remains  stationary  during  the  winter,  and 
in  the  spring,  after  the  germinating  principle  is  excited,  it  diminishes.  It  is  a  well-known 
fact,  that  in  germination,  potatoes  become  soft,  mucilaginous,  and  afterward  sweet;  the 
dextrine  formed  from  the  starch  rendering  them  mucilaginous,  and  the  sugar  formed 
from  the  dextrine  rendering  them  sweet  The  process  of  transformation  advances  stiU 
further  in  the  earth ;  the  potatoes  becoming  softer  and  more  watery,  and  when  the  starch 
is  completely  consumed  in  the  growth  of  the  young  plant,  the  process  of  decay  com- 
mences.**— Stookhasdt. 


QwnoNB. — ^What  fket  illustrates  the  conversion  of  starch  into  sugar  in  nature  ?  What 
are  the  principal  nitrogenized  compounds  of  plants  f  What  is  said  of  albumen  ?  What 
are  its  characteristic  properties f    Why  do  eggs  harden  in  boiling? 
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When  water  oontdning  a  nnall  portioa  of  albmnen  is  heated,  the'albcmen 
is  coagulated,  and  rises  as  a  scum  to  the  surfiioe,  carrying  with  it  anj  smaU 
particles  of  impurity  mechanically  suspended  in  the  liquid.  It  is  in  this  way 
used  for  clarifying  solutions  of  sugar  and  other  liquids. 

Albumen  is  found  in  a  soluble  state  in  the  sap  of  plants,  in  the  humors  of 
the  eye,  in  4he  white  of  egga^  and  in  the  serum  of  the  blood ;  and  in  an  in- 
soluble state  in  the  seeds,  leaves,  and  stalks  of  plants^  and  in  the  substance  of 
which  the  brain  and  nerves  of  animals  are  composed. 

706.  Caseins  isa  substance  of  both  vegetable  and  animal  origin,  and  is 
allied  to  albumen  in  its  composition  and  properties.  It  differs  from  it^  how- 
ever, in  the  circumstance  that  it  is  not  coagulated  by  heat,  although,  it  readily 
experiences  this  change  under  the  influence  of  acids.  It  is  found  abundantly 
in  the  seeds  of  leguminous  plants  ;•  peas  and  beans  containing  fix>m  20  to  25 
per  cent  of  their  weight  of  it  It  also  exists  in  animal  substances,  especially 
in  the  curd  of  milk,  which  is  known  as  animal  caseinc,  and  is  the  chief  ingr^ 
dient  in  cheese.  Vegetable  caseine,  to  distinguisli  it  Irom  animal  caseine,  is 
often  called  leguminS,  but  the  identity  of  the  two  is  well  illustrated  by  the  fact 
that  the  Chinese  make  a  real  cheese  from  peas.  Vegetable  caseine  may  bo 
obtained  by  macerating  peas  or  beans  in  tepid  water  tor  several  hours,  and 
straining  through  a  seive.  The  liquid  which  passes  through  contains  caseine 
in  solution,  together  with  some  starch,  which  separates  by  standing.  From 
the  supernatant  liquor,  which  resemble?  skimmed  milk  in  appearance,  caseine 
may  be  precipitated  by  the  addition  of  acetic  add,  and  when  washed  and 
dried,  forms  a  brilliant,  transparent  mass. 

707.  Gluten . — ^If  flour  be  made  into  dough,  and  worked  with  the  hand 
upon  a  seive,  or  piece  of  muslin,  under  a  stream  of  water  (Fig.  219),  its  starch 
gradually  washes  away,  and  there  remains  upon  the  seive  a  white,  soft  sticky 
substance,  which  has  received  the  name  of  gluten.  This  substance  exists  in 
all  the  cereal  grains,  and  constitutes  about  10  per  cent  of  the  weight  of  pure 
flour,  and  from  14  to  15  per  cent  of  the  weight  of  bran.  It  is  this  principle 
which  imparts  to  flour  its  plastic  and  adhesive  properties. 

The  lean  part  of  the  muscles  of  all  animals,  termed  fibnne,  resembles  the 
gluten  of  plants  so  closely  in  composition  and  properties,  that  it  may  be  re- 
garded as  essentially  the  same  substance,  and  hence  gluten  is  very  often 
called  vegeUible  fibrine. 

708  Chemical  Composition  of  Proteine.  —  Albumen  and 
gluten  are  composed  of  carbon,  hydrogen,  oxygen,  nitrogen,  phosphorus,  and 
sulphur;  caseine  contains  the  same  elements,  in  nearly  the  same  proportion!^ 
with  the  exception  of  phosphorus,  which  does  not  enter  into  its  composition. 

According  to  the  generally  received  opinion  at  the  present  day,  all  album- 

Qussnovs. — How  is  albumen  emplofed  for  the  clarifying  of  liquids  f  What  is  sdd  of 
caseine?  In  what  respect  does  it  chiefly  differ  from  albumen?  In  what  vegetable  sab* 
stances  does  it  especially  occur  ?  In  what  animal  substance  ?  By  what  other  name  is 
vegetable  caseine  known  ?  How  may  eaceine  be  obtained  f  What  is  gluten  7  In  what 
vegetable  products  is  gluten  especially  found  ?  With  what  substance  of  animal  origin 
does  it  correspond  ?    What  is  the  chemical  composition  of  albumen,  caseine,  and  i^uten  f 
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(nons  matter  (and  by  this  term  Ra.  219; 

we  mean  to  include  Hlbumen, 

caseine,  gluten,  and  all  umilar 

Bubatances,  origioating  either  in 

vegetable  or  animal  Btructurea) 

ore  compounds  of  a  peculiar  and 

distinct  principle,  catledprofeine. 

Tbe  compilation  of  this  orgooio 

radical  is  indicated  b;  the  tot- 

mula   GkHuNiOio,   or  by  the 

ijnnbot,  Pr.   Hence,  albuminous 

substances,  as  a  class,  are  Teiy 

geDerally  teimed  pmieme  com- 

pmtndt — the  fbrmula  of  albumen 

being  lOPr+P+S;  of  gluten, 

10Pr+P+2S;  and  of  caseine, 

lOPr-j-S*  "^ 

By  dissolving  any  album! 
substance  in  caustic  ailtaJI,  and 
addiug  acctio  acid  Co  tlie  solution,  proteine  maj  bo  precipitated  in  the  Ibna 
of  a  gTajish-white,  icodoroua  solid,  soluble  in  water  and  alcohol,  and  capable 
of  unitiug  lo  form  compounds  with  man  j  acids  and  bases. 

709.  Characleriiilicg  of  the  llbnmiDoas  Substances. 
— All  the  albumiuons  substances,  wben  sulyccted  to  heat,  exhale  an  odor 
similar  to  that  of  burnt  feathers,  and  leaver  aa  an  ultimate  residue,  a,  black, 
brilliant,  spongy  :;iial.  WhoD  pertecti;  dried,  thej'  are  capable  of  indefinite 
preservstion ;  but  when  exposed  to  the  Jinnt  ioflucDce  of  air  and  moisture, 
the]'  are  more  susceptible  of  decomposition  tlian  anj  other  class  of  organic 
substances — putrelying  and  calling  iuto  existence  a  multitude  of  microscopic 
animalculs.  The  decomposition  of  the  albnmen  contained  in  wood,  espe- 
cially in  what  is  called  the  sap-wood,  is  regarded  as  tbe  most  acUve  cause  of 
its  decay.  Hence  those  substanoes  like  creoaote,  corrosive  sublimate  and  the 
like,  whidi  fbnn  insoluble  compoonds  with  albuminous  matter,  existing  either 
m  animal  or  regetable  tissues,  are  tbe  most  effectual  aotiseptic  agents;  tbe 
processes  of  kjanizing  wood,  uid  of  smoking  fish  and  meat,  being  ^miliar  ex- 
amples of  Uteir  action.  Tbe  complete  dessication  of  organic  aubetancas,  or  the 
extraction  of  their  albiiminoua  coustituents  by  sleeping  in  water,  or  steam, 
accomplish  the  same  resulL 

•  It  li  proper 
tore  of  pTDtdoe  ti  very  ttreouoiuly  apposed  b 

by  tlie  wtlon  of  the  nlkillei  on  IheH  bodlf  i.  - 

Qorvriona. — Of  vhat  rtidletil  (re  they  nipp- 
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When  albmninoos  substanoea  are  dissolyed  in  caustic  alkali,  the  salpbur 
which  thej  contain  unites  with  the  alkali  to  fonn  a  soluble  sulpfauietk  and 
the  solution  blackens  paper  moistened  with  sugar  of  lead.  In  this  way  the 
presence  of  sulphur  in  these  compounds  may  be  readily  demonstrated.  Whea 
an  egg  is  boiled,  the  sulphur  present  in  its  albumen  unites  with  a  little  free 
soda,  which  is  also  a  constituent  of  the  eg^  to  form  sulphuret  of  eodium, 
and  it  is  by  the  decomposition  of  this  compound  that  tbe  blackening  of  silver 
spoons  used  in  contact  with  boiled  eggs  is  occasioned. 

710.  Kutritive  Value  of  Vegetable  Albuminous  Con- 
stituents • — ^As  the  chief  proximate  constituents  of  animal  structuresy 
albumen,  caseine,  and  fibriue  have  the  same  chemical  oomposiiion  as  the  al- 
buminous substances  produced  in  the  vegetable  kingdom,  the  latter  are  re- 
garded as  the  speci^U  products  provided  by  nature  for  the  nutriment  and 
support  of  animals ;  or  in  other  words,  they  are  the  vegetable  principles  out 
of  which  animal  fibers  and  tissues  are  constructed.  All  experiments  tend  to 
confirm  this  conclusion,  and  prove  that  the  value  of  a  vegetable  product  as 
an  article  of  food  is  very  nearly  in  proportion  to  the  quantity  of  albuminous 
or  nitrogenous  compounds  which  it  contains.  This  subject  will  be  further 
discussed  hereafter. 


CHAPTER    lyill. 

NATURAL  DECOMPOSITION  OF  ORGAKIO  OOMPOTTNDS. 

711.  So  long  as  organic  bodies,  are  pervaded  by  what  is  termed  the  vital 
principle,  so  long  do  they  tend  to  maintain  their  form  and  properties  essen- 
tially unchanged ;  but  when  deprived  of  this  influence,  they  obey  the  ordi- 
nary laws  of  chemical  attraction,  and  readily  undergo  decomposition,  the  pro- 
ducts of  such  decomposition  being  mainly  the  result  of  a  separation  or  falling 
apart  of  the  complex  substances  which  characterize  the  living  structure,  and 
a  re-arrangement  of  their  particles  in  simpler  combinationa  The  nature  of 
these  changes,  which  vary  greatly  with  the  composition  of  the  bodies  con- 
cerned, and  with  the  conditions  to  which  they  are  subjected,  may  be  gene^ 
ally  considered  under  three  separate  heads,  viz.,  as  decays  fenneniaUonf  and 
putrefaction, 

712.  Decay . — ^When  vegetable  tissue  (wood,  leaves,  straw,  etc.)  is  ex- 
posed to  the  action  of  atmospheric  ait  and  moisture,  it  absorbs  oxygen  and 


QuBsnoMt.— How  may  the  proMnee  of  ■alpfanr  in  these  bodies  he  denKnurtrated  f  What 
is  sapposed  to  be  their  special  office?  What  is  the  proportionate  value  of  a  y^etaUe 
product  as  aa  artide  of  food  f  What  especially  distinguishes  living  from  dead  organized 
matter?  What  change  does  vegetable  tissue  undergo  when  exposed  to  air  aad  moi^ 
ore? 
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undergoes  a  alow  decay,  which  has  been  termed  by  Liebig  eremacausis  (slow 
combustion).  The  changes  which  take  place  in  this  process  are  very  nearly 
the  same  as  in  the  ordinary  combustion  of  wood,  except  that  they  occur  much 
more  slowly.  In  both  cases  the  constituents  of  the  wood,'  by  the  addition 
of  oxygen  from  the  air,  are  converted  into  carbonic  add  and  water,  and  in 
both  cases  also  the  hydrogen  is  oxydized  more  rapidly  than,  the  carbon,  as 
is  shown  by  the  darker  color  which  wood  assumes  both  in  combustion  and 
decay.  Eremacausis  fiirther  agrees  with  ordinary  combustion,  inasmuch  as 
it  can  not  take  place  without  the  access  of  air,  and  is  uniformly  attended  with 
the  evolution  of  heat,  and  sometimes  with  light — ^the  total  amount  of  heat 
evolved  being  undoubtedly  the  same  in  both'  cases.     (§  469.) 

The  brown  or  black  matter  into  which  vegetable  tissue  is  converted  by  de- 
cay,  has  received  the  general  name  of  humus,  or  vegetable  mold,  and  is  the 
substance  which  gives  to  fertile  soils  their  rich  black  or  brown  appearance. 
Humus  is  not,  however,  regarded  as  a  distinct  compound,  but  rather  as  a 
mixture  of  several  brown  substances,  which  represent  various  degrees  of  de- 
composition of  the  original  vegetable  matter.  These  substances  have  received 
the  names  of  humine,  ulmine,  humic  acid,  ulmic  add,  gcic  acid,  crenic  and 
iipocrenic  add&  The  two  latter  are  soluble  in  water,  and  are  mainly  the 
cause  of  the  deep  yellow  or  brown  colors  which  characterize  the  waters  of 
bogs  and  swamps.  The  others  are  either  entirely  insoluble,  or  soluble  only 
in  alkaline  solutions.  The  relation  which  these  substances  sustain  to  plants 
is  an  important  one,  and  their  presence  in  certain  quantity  in  every  soil  is 
essential  to  its  fertility.  From  the  products  of  their  decomposition— carbonic 
add  and  water — ^plants  derive,  through  their  roots,  from  the  soil,  their  chief 
supplies  of  nutriment-  They  also  absorb  and  retain  ammonia,  another  im- 
portant element  of  vegetable  nutrition,  and  to  some  extent  have  undoubt- 
edly the  power  of  producing  it  from  the  nitrogen  of  the  atmosphere.  The 
humus  consumed  in  vegetation  and  removed  from  the  soil  in  the  substance 
of  the  crop,  may  be  again  restored  to  the  land  by  plowing  in  straw  and  ani- 
mal manures,  or  green  crops  (clover,  etc.),  or  by  the  alternation  of  plants 
which  leave  abundant  roots  in  the  soil  (fallow  plants),  with  such  as  have  few 
roots  (grains,  etc.). 

Eremacausis  is  greatly  promoted  by  heat  and  moisture,  or  the  presence  of 
the  alkalies ;  it  is^  on  the  contrary,  arrested  or  retarded  by  cold  and  dryness. 
"Wood,  cordage,  etc.,  exposed  to  the  cold  of  the  Arctic  regions,  or  to  the 
dry  atmosphere  of  Egypt  will  remain  alike  for  years  unaltered. 

713.  Putrefaction . — ^Tiie  decomposition  of  vegetable  tissue  when  ait 
is  wholly  or  pftrtiaUy  exduded  from  it,  as,  for  example,  when  buried  in  the 


QimnoKa. — ^What  le  this  change  called  /  What  is  the  nature  of  the  change  t  What  le 
the  immediate  product  of  the  deciiy  of  vegetable  tissue  called  ?  What  is  the  composition 
of  humoB?  What  prodaoes  the  discoloration  of  the  water  of  bogs  and  marshes?  What 
relation  do  these  sobstanees  sustain  to  vegetatloa  ?  How  may  homns  consumed  by  yq;e- 
tattoo  be  restored  to  the  soil  f  What  is  the  natoze  of  the  deoomposltloii  which  takes  plaee 
In  vegetable  tissoe  when  air  is  ezoladed  ? 
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giouud,  ie  easenUally  difforent  from  that  of  eremacausis.  In  thia  casa  the 
coQElituent  elemenU  rBaJTsnge  themsslvea  muCuaJlj  into  new  prodiicta,  either 
with  or  wiHmut  tho  cooperation  of  the  eluinonla  of  water ;  the  oxjgen  gradu- 
ally uniting  with  the  carbon  to  fonu  carbonic  add,  which  separates  and  lecTsa 
as  a  residue  Hubntanoea  rich  in  carbon  wid  hydnigon — hydrocarbons.  It  is  in 
this  way  tliat  bitiiminoua  coal,  peat,  and  brown-coal  (lignite)  have  been  fbrmcd 
from  T^retable  matter,'  and  ^ao  the  natural  gaacous  carburete  of  hydrogen, 
Tiz.,  "  mar^  gas^"  obtained  by 
Yia.  22D.  Etiiring  the  mad  at  the  bottom 

of  pools  (see  Fig.  220),  and  "fire- 
damp," evolved  from  rock-strala 
in  mines.     (§  452.)     Moist  hay, 
leaves,  manure,  etc,  when  pQed 
together  in  compact  heaps  undci|^ 
stmilar  changes,  and  are  convened 
into  black,  carbonaceous  products. 
Decomposilion  of  titis  character 
is   termed   putrefaction,    and   is 
somewhat  analogous  to  the  chai^ 
which  wood  ondergoea  when  sub- 
jected to  dry  distUlation  or  incom- 
plete eombnsdon-     It  differs  fnna 
ereroacansiH  (or  decayX  inasmacli  as  the  latter  can  not  take  place  without 
the  free  access  of  air,  the  oxygen  of  which  is  absOTbed  by  the  decaying  bodiea. 
The  two  methods  of  docompomtion  may,   however,  mutually  replace  each 
other,  ^nce  all'putriQring  bodies  pass  into  the  state  of  decay  when  exposed 
freely  to  the  air ;  and  all  decaying  matters  into  that  of  puUcfacUon  when  atr 
is  excluded. 

Nllrogenized  animal  and  vegetable  substances,  on  account  of  their  complex 
oODHtitution,  undergo  decay  and  putrefaction  much  more  readily  than  nrat- 
azotiz«d  compounds,  and  the  products  of  tlieir  decomposition  are  esaontially 
diHbrent    Thus  tho  oxygen  of  tho  substance  unites  with  tho  carbon  to  form 


e  prodoGt  or  the  atoir  Av^j  of  CfirUln  apcdea  of  manli  pl&Titi  nadcr 
og  wu  nndoabted]^,  In  the  Ant  iDitence.  m  manh  or  svAinp,  wlilek 
I  CDDTBrtfld  Into  h  monffi  b^  the  uiDiul  growth  ftod  Atoty  dT  IM  lor- 
I  qumiUtr  of  v^eUble  mold  Tblch  IhuH  MGumaUle*  in  the  cuna 
or  ysATfl  1b  Terj  greftt,  and  u  tho  protxtfl  of  ducotcposltioa  ISBloir  AodgndiifeJ,  tbflvigioct 
uid  otDBtltutlan  i>f  tho  different  aufxesBivo  Im  jers  of  peat  vary  greAtly — tbose  Dear  the  an^ 
Uae  coiHkUng  of  the  hdf  decayed  uteDU  of  nioBU  and  of  roots,  wblle  those  of  oUar 
fbmwlton  Bc«r«olj  eiblbil  any  trasM  of  tbclrvegelablo  orlsin,  and  In  »tita  InaUiKei  an 
convBrtedlntaa  truo  bltumlnouB  coaL  Inman^counlrteBpeatfHexteQBlTelynBcdaafari, 
and  fuTTilibeB  by  dlHtiUaUon  oily  prednata  aonlo^ns  to  Ihoao  Dbtainod  by  Ibo  diHtUlatioii 


QDBRioiia — Whatara  lbs  pradsctaDT  gnch  dscompoaitlaii r  ntostrats  (hii.  Whatb 
deeoinpeidlion  of  tUa  eharaalei'  termed  I  How  doec  pntrebcUon  dlSei  from  eremacaii. 
alif  'matantlispnHlDeuofUiaputre&itllonarDltn^BDUsdsiibctaiieear 
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carbonic  add,  whilo  the  hydrogen  divides  itself  between  the  nitrogen,  th«> 
sulphur,  and  the  phosphorus,  and  forms  ammonia  with  sulphuretted  and  phos- 
phurettod  hydrogen.  It  is  to  the  presence  of  these  last-named  gaseous  sub- 
stances ihat  the  very  offensive  odors  given  off  during  tbie  putrefaction  of  azot- 
ized  bodies  are  to  be  mainly  ascribed. 

*il4k»  Fermentation. — ^When  a  nitrogenous  substance  undergoing 
putrefaction  is  brought  in  contact,  under  &vorable  circumstances  of  tempen^ 
ture  and  moisture,  with  a  complex  organic  body  of  small  stability,  it  is  ca- 
pable of  inducing  in  this  latter  substance,  by  the  mere  agency  of  its  presence^ 
a  state  of  putrefaction  or  decomposition.  In  such  cases  the  substance  inducing 
deoomposition  is  termed  a  "/crmen^"  and  the  decomposition  induced,  **/er- 
merUation,"  For  example,  a  solution  of  pure  sugar  may  be  preserved  unal- 
tered fi>r  any  length  of  time,  but  if  a  minute  quantity  of  putrescent  matter 
containing  nitrogen  be  added  to  it,  fermentation  at  once  takes  place,  and  the 
elements  of  the  sugar  break  up  into  alcohol  and  carbonic  acid.  **  In  the 
same  manner,  the  most  minute  portion  of  milk,  paste,  juice  of  beet-root,  flesh 
or  blood,  in  the  state  of  decomposition,  causes  fresh  milk,  paste,  juice  of  beet- 
root, flesh  or  blood,  to  pass  into  the  same  condition  when  brought  in  contact 
with  them.** 

The  method  in  which  ferments  act  is  not  well  understood,  since  they  do 
not  enter  into  combination  with  the  fermenting  substance  or  with  any  of  its 
elements.  The  theory,  however,  most  usually  adopted  is,  that  the  moleculeh 
of  the  ferment,  or  substance  already  undergoing  change,  are  capable  of  im- 
parting motion  to  the  molecules  of  other  substances  by  contact,  and  that 
through  the  impulse  thus  received,  the  equilibrium  of  forces  previously  exist- 
ing between  the  molecules  of  the  body  acted  on  are  overcome  and  de- 
stroyed. 

715.  Teast. — ^The  substance  most  potent  in  exciting  fermentation  in 
solutions  of  sugar  is  a  species  of  microscopic  vegetation  which  is  spontaneously 
developed  in  the  organs  of  plants,  and  in  a  large  number  of  nitrogenous  sub- 
stanoes^  when  lefl;  to  putrify.  This  organism,  which  passes  into  a  state  of 
putrefiictive  decomposition  with  great  readmess,  is  termed  yeastf  or  fermenL 
It  is  obtained  in  the  greatest  abundance  when  a  solution  of  sugar  mixed  with 
albuminous  substances  of  animal  or  vegetable  origin  is  exposed  to  the  air 
at  ordinary  temperatures. 

When  yeast  is  added  to  a  solution  of  sugar,  it  not  only  excites  fermentation, 
but  if  there  are  albuminous  substances  present,  it  occasions  the  production 
of  an  immense  additional  quantity  of  yeast  For  example,  if  we  add  to  clear 
fresh  juice  of  ripe  grapes  a  few  particles  of  yeast,  the  liquid  will  in  a  short 
time  grow  thick  and  give  off  bubbles  of  gas,  or  ferment,  and  in  a  few  houfS 
a  layer  of  grayish-yellow  yeast  will  collect  upon  its  surface.  In  the  heat  of 
the  fermentation  the  yeast  plants  are  produced  in  immense  numbers,  mil- 


QuKSTiONS. — Explain  the  meaning  of  ferment  and  fermentation.  What  are  examples? 
What  is  the  theoretical  action  of  ferments?  What  in  yeast?  How  is  it  formed  ?  Bias- 
irate  this. 
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SoDB  of  its  minute  organisma  being  contained  in 
the  space  of  a  single  cubic  inch.  Fig.  221  repre- 
sents the  i^pearanoe  of  the  yeast  globules  imder 
tlie  microscope,  and  the  manner  in  which  th^ 
propagate  by  division.  Ordinary  brewer's  yesat 
is  formed  in  this  maimer  in  the  fermentation  of 
i  ifusions  of  malt  Artificial  yeasty  or  leaven,  may 
be  prepared  by  exposing  a  piece  of  dough  for 
some  days  to  a  moderate  temperature^  until  it 
^    H£:^C*^|(g)(3g^  acquires  a  sour,  or  yinoos  odor.     The  fermenting 

o      4S\   Ok    ^  agent  in  this  case  is  the  gluten  of  the  dough  in  a 

state  of  incipient  putrefaction.  Yeast  loses  its 
power  of  exciting  fermentation  when  perfectly 
dried,  or  heated  to  a  temperature  of  212^  F^  or  if  mixed  with  alcohol,  acid% 
or  aUcalies,  and  finally  by  the  completion  of  its  own  decomposition. 

716.  Differeat  Kinds  of  Fermentation. — ^The  products  of 
fermentation  vaiy  under  different  circumstances.  The  conversion  ni  sacchar- 
ine liquids  into  alcohol  and  cacbomc  add  is  termed  vtnotu,  or  ahohotic  fer- 
meniaiiofk  For  the  production  of  this  change  a  temperature  of  from  60^  to 
86^  F.  is  neoeesaty.  Under  60<^  F.  fermentation  does  not  proceed.  All 
Tegetable  bodies  contain  some  substances  which  act  as  a  ferment^  and  there- 
fore, by  the  addition  of  moisture  and  regulation  of  the  temperature,  yarious 
kinds  of  grain  containing  starch,  and  ripe  iruits  containing  sugar,  will  un- 
dergo naturally  the  yiaous  fennentation.  Thus  dder  is  formed  from  applc^ 
and  beer  irom  grain. 

A  liquid  which  has  already  undergone  the  vinous  or  alcoholic  fermentation, 
is  capable  of  ezperiendng  another  change  when  exposed  to  the  air  in  con- 
neoiion  with  a  small  quantity  of  decomposing  azotized  matter— its  alcohol 
being  converted  into  acetic  acid  and  the  liquid  into  vinegar.  Thia  has  been 
called  acdoua  fermenkUion. 

There  are  a  variety  of  substances  which,  when  added  to  fermentable 
liquids,  even  in  very  minute  quantities,  have  the  power  of  preventing  de- 
compoeition ;  such  are,  for  example,  the  oil  of  mustard,  sulphurous  acid,  m- 
trous  add,  etc.  New  cider,  it  is  well  known,  is  kept  sweet  by  the  addition 
of  mustard-seed,  or  by  burning  sulphur  in  the  barrels  previous  to  filling  with 
liquor. 

When  azotized  matters  are  beginning  to  decompose  they  are  at  first  not 
able  to  excite  the  true  alcoholic  fermentation  in  solutions  of  sugar,  but  it  is 
necessary  for  this  that  their  decomposition  should  be  tolerably  active  and  ad- 
vanced. But  even  in  the  early  stage  of  thdr  transformation  they  are  able  to 
effect  a  very  important  change  in  the  elements  of  si:^r,  and  cause  it  to  un- 
dergo a  peculiar  kind  of  fermentation,  the  result  of  which  is  the  production  of 

QunRTOirs. — ITow  may  artificial  yeast  be  prepared  ?  Under  what  drcumstanoes  does 
yeast  lose  its  power?  What  is  Tinous  fermentatloo  f  What  are  examples?  What  is 
aoetons  fermen^tton  1  What  substances  are  capable  of  arresting  fermentstion  ?  Is  all 
decomposing  aaotlMd  matter  capable  of  indadng  alooboiio  fermentation  ?    lUustnte  thiik 
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an  add  called  lactic  acid,  and  a  yiacous  substance  analogous  to  sugar.  This 
fermentation,  which  has  been  termed  viscous^  or  lactic  add  fermentaium^  is 
especially  produced  when  milk  or  cheese  curd  is  mixed  with  sugar  at  a  tem- 
perature of  86<^  to  94°  F.  If,  however,  the  curd  of  milk  is  in  an  advanced 
stage  of  decomposition,  it  produces  at  the  temperature  of  about  100^  P.  the 
vinous  fermentation,  and  the  sugar-  is  converted  into  alcohol  and  carbonic 
add.  In  this  way  the  Tartars  prepare  a  spirituous  liquor  fix>m  mate's  milk, 
called  "  koumiss,^^ 

717.  Lactic  acid  derives  its  name  from  the  circumstance  that  it  is  the  acid 
-which  imparts  sourness  to  milk,  and  is  the  immediate  product  of  the  decom- 
position of  that  Uquid.  Lactic  acid,  when  kept  in  contact  with  caseine  in  the 
first  stage  of  its  decomposition  for  some  time,  at  a  temperature  of  about  95^ 
F.,  is  itself  capable  of  experiencing  a  transformation  into  a  sour,  pungent 
smeUing  liquid  termed  butyric  add^  and  the  change  in  question  is  known 
as  butyric  fermentation.  The  conversion  of  starch  into  sugar  hy  the  action 
of  diastase,  is  also  regarded  as  a  species  of  fermentation,  and  is  termed 
"•  saccka/rmRy  Several  other  forms  of  fermentation  io  addition  to  those  enu- 
merated, are  also  recognized,  but  the  most  important  of  them  all  are  the  al- 
coholic and  acetous. 

718.  Organic  substances  do  not  possess  the  power  of  entering  sponta* 
neously  into  fermentation  and  putrefaction,  but  it  is  necessary  that  some 
change  in  the  attraction  of  their  elements  should  previously  take  place.  This 
exdting  cause  is  undoubtedly  the  oxygen  of  the  atmosphere  which  surrounds 
all  bodies,  and  we  accordingly  find  that  eremacausis  always  precedes  fermen- 
tation and  putrefaction,  and  that  it  is  not  until  after  the  absorption  of  a  oer< 
tain  quantity  of  oxygen  that  the  sig^s  of  a  transformation  in  the  substances 
show  themselves.  When  the  condition  of  intestine  motion  is  once  excited, 
the  presence  of  oxygen  for  the  continuance  of  the  action  is  no  longer  neces- 
sary. The  smallest  partide  of  an  azotized  substance  in  its  act  of  decomposi- 
tion, also  propagates  this  state  of  motion  to  the  particles  of  the  substance  in 
contact  with  it,  and  although  the  air  be  afterward  entirely  excluded,  fermen- 
tation or  putrefaction  will  proceed  uninterruptedly  to  its  completion.  Animal 
food  of  every  kind,  and  even  the  most  delicate  vegetables,  may  be  preserved 
unchanged  for  years,  if  heated  to  the  temperature  of  boiling  water  in  vessels 
from  which  the  air  is  completely  exduded.  A  fresh  exposure  to  the  air  at 
any  period  will,  however,  induce  fermentation.* — ^LiEBia« 

*  The  method  of  pntting  np  "preserved  meats**  is  essentially  as  follows;  the  meat  is 
lint  placed  in  a  tin  cylinder,  which  is  then  filled  with  a  properly  prepared  soup,  and  « 
cover,  pierced  with  a  minute  hole,  is  soldered  on  air-tight  The  cylinder  is  next  de- 
ported in  a  bath  of  chloride  of  odeium  solution  (which  does  not  boil  mder  a  temperature 
of  SSO"*  F.),  where  its  contents  are  sul^ected  to  heat  nntil  sufiBciently  cooked.  When  this 
is  effected,  and  the  air  in  the  interior  completely  expelled  by  the  evolution  of  steam,  the 
minute  orifice  in  the  cover  is  suddenly  and  effectually  closed  with  a  drop  of  solder.    The 

QunnoKB.— What  is  the  add  of  sour  mttk  f  What  is  butyric  fermentation  ?  Are  there 
any  other  kinds  of  fermentation  ?  Do  organic  sabataaoes  possess  the  power  of  sponta- 
neoua  change  ?    What  is  necessary  to  effect  thiaf    How  may  animal  food  be  prasanred  ? 
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tl9.  Poisons,  Contagions,  Miasms. — *' When  a  chemical  agent 
or  sabBtanoe  is  brought  in  contact  with  matter  endowed  with  life  (as,  for 
example,  if  it  is  introduced  into  the  stomach  or  any  other  part  of  the  animal 
organization),  it  tends  to  enter  into  combination  with  it,  and  effect  decompos- 
ition. This  tendency  is  opposed  by  the  vital  principle,  and  the  result  \rill 
depend  upon  the  strength  of  their  respectiye  actions.  If  the  chemical  element 
is  forced  to  yield  to  the  superior  power  of  the  vital  action,  it  is  digested,  and 
exercises  no  chemical  influence  upon  the  living  oi^an ;  when,  however,  it  is 
able  to  effect  a  change  in  the  operation  of  the  vital  principle,  as  in  changing  its 
direction,  strength,  or  intensity,  without  destroying  it,  it  is  said  to  act  medir 
cinaUy  ;  but  when  it  obtains  an  ascendancy  over  the  vital  force,  and  tends  to 
destroy  it,  it  acts  as  a  poison.  Food  will  act  as  a  poison,  that  is,  will  pro- 
duce disease,  when  it  is  able  to  exerdse  a  chemical  action  by  virtue  of  its 
quantity ;  or  when  either  its  condition  or  presence  retards,  prevents,  or  arrests 
the  motion  of  any  organ.  A  medfcament  administered  in  excessive  quantity 
may  act  as  a  poison,  and  a  poison  in  small  doses,  as  a  medicament.  Thus  the 
quantity  of  a  substance  and  its  condition  must,  obviously,  completely  change 
its  chemical  influence  in  the  sjrstem.*' 

Some  inorganic  poisons,  such  as  arsenic,  corrosive-sublimate,  etc,  exert  a 
destructive  action  upon  animal  life,  by  forming  with  the  component  parts  of 
tlie  body  compounds  which  are  not  susceptible  of  the  changes  which  it  is  the 
office  of  the  vital  principle  to  produce.  Other  inorganic  poisons,  like  cor- 
rosive acids,  destroy  at  once  the  form  and  structure  of  the  tissues  with  which 
they  are  brought  in  contact  In  both  cases  the  organs  (ail  to  fulfill  their 
offices,  and  disease  or  death  ensues.  **  If  the  quantity  of  poison  is  so  small 
that  only  small  portions  of  the  body,  which  are  capable  of  being  regenerated, 
liave  entered  into  combination  with  it,  then  eschars  (scabs)  are  produced, 
and  the  compounds  of  the  dead  tissues  with  the  poison  are  thrown  off  by 
the  healthy  parts."* 

cylinder  is  then  allowed  to  cool,  and  form  a  condensation  of  its  contained  vapor,  both  its 
ends  are  pressed  inward,  and  become  concave.  Thus  hermetically  sealed,  it  is  exposed  in 
a  test  chamber,  for  at  least  a  month,  to  a  temperature  above  what  it  is  ever  likely  to 
encounter ;  from  90°  to  110*  F.  If  the  process  has  failed,  putrefaction  takes  place,  and 
gas  is  evolved,  which  will  cause  the  ends  of  the  case  to  bulge,  so  as  to  render  them  con- 
vex instead  of  concave.  But  the  contents  of  those  cases  which  stand  the  test  will  infalli- 
bly keep  perfectly  sweet  and  good  in  any  chmate,  and  for  any  number  of  years.  If  there 
be  any  taint  about  the  meat  when  put  up,  it  invariaUy  ferments,  and  u  detected  in  the 
proving  process. 

*  "  The  limit  at  which  substances  like  arsenic,  corrodive  sublimate,  etc,  cease  to  act  as 
poisons,  may  be  determined  with  great  certainty ;  for  since  their  combination  with  or- 
ganic matters  must  be  regulated  by  chemical  laws,  death  will  inevitably  result  when  the 
organ  in  contact  with  the  poison  finds  sufficient  of  it  to  unite  with  atom  for  atom,  whilst 
if  the  poison  \&  present  in  smaller  quantity,  a  part  of  the  organ  will  retain  its  vital  func- 

QuESTioxB. — ^When  a  chemical  agent  is  brought  in  contact  with  living  matter,  what 
takes  place  ?  When  will  chemical  substances  act  as  food,  as  medicine,  and  as  poison  f 
Illustrate  how  the  quantity  and  condition  of  a  substance  may  change  its  chemical  influ- 
ence on  the  system?  How  do  inorganic  poisons  geneially  produce  their  destructive 
efibota? 
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With  respect  to  the  action  of  poisons  like  Prussic  acid,  strychnia,  etc.,  no 
very  satisfactory  explanation  can  be  given. 

In  addition  to  the  poisons  noticed,  *'  there  is  a  class  of  snbstances  gener- 
ated during  certain  processes  of  decomposition,  which  act  upon  the  animal 
eoonomy  as  deadly  poisons,  not  by  entering  into  combination  with  it,  or  by 
reason  of  their  containing  a  poisonous  principle,  but  solely  by  virtue  of  their 
peculiar  condition ;''  in  other  words,  these  products  being  in  a  state  of  de- 
composition themselves,  act  as  ferments,  and  by  their  simple  presence  tend  to 
excite  decomposition  or  disease  in  the  animal  substances  with  which  they  are 
brought  in  contact 

The  most  striking  illustration  of  this  principle  is  to  be  found  in  the  case 
of  the  wounds  which  physicians  sometimes  accidentally  inflict  upon  them- 
selves in  the  dissection  of  dead  bodies.  The  knife,  in  such  instances,  intro- 
duces through  the  woimd  a  minute  portion  of  matter  in  the  state  of  decom- 
position or  putrefaction,  which  acts  as  a  ferment^  and  causes  the  healthy  blood 
in  contact  with  it  to  pass  into  the  same  decomposed  state  as-  itself;  the  ac- 
tion once  commenced,  extends  with  great  rapidity,  and  very  often  afifects  the 
whole  body  and  produces  death — ^injuries  to  the  system  of  this  character  being 
almost  beyond  the  control  of  medical  treatment.  The  virus  of  the  small-pox, 
plague,  etc.,  appear  to  act  in  like  manner,  inasmuch  as  the  most  careful  ex- 
amination fails  to  extract  from  them  any  poisonous  principle.  When  brought 
in  contact,  however,  eitlier  directly  or  indirectly,  with  the  blood,  they  commu- 
nicate to  it  their  own  condition. 

Contagion  and  miasm,  or  miasmata,  are  generally  included  among  poisons 
of  this  class. 

We  apply  the  tferm  contagion  to  that  subtile  matter  which  proceeds  from  a 
diseased  person,  or  body,  and  which  communicates  disease  to  another  person 
or  body.  It  is  characterised  by  its  ability  to  reproduce  itselC  Miasm,  on  the 
other  hand,  is  the  product  of  the  decay  or  putrefaction  of  animal  or  vegetable 
substances,  and  causes  disease  without  being  itself  reproduced. 

The  nature  of  the  substances  which  constitute  contagion  and  miasm  is  not 
well  understood ;  according  to  some  authorities,  they  are  merely  putrid  mat- 
ters, and  according  to  others,  they  are  microscopical  animals  or  plants,  which 
like  yeast,  readily  undergo  decomposition.* 


tlons.**  The  oomparatiye  weight  of  an  eqniyalent,  or  of  an  atom  of  any  one  of  the  highly 
complex  substances  which  make  up  the  animal  organism,  is,  however,  so  exceedingly 
great,  that  a  very  small  amount  of  poison  is  sufficient  to  completely  satisfy  the  oombin> 
ing  affinities  of  a  very  large  quantity  of  animal  substance ;  the  proportion  in  the  case  of 
fibrine  and  arsenic  being  as  6361  parts  of  the  former  to  1  of  the  latter. 

*  Yery  many  curious  obserrations  hare  been  made  upon  these  topics.  A  forest  inter- 
posed to  the  passage  of  a  current  of  moist  air  charged  with  pestilential  miasmata,  some- 
times preserves  all  behind  it  fh>m  its  effects,  whereas  the  nncovered  portion  of  a  district  is 
exposed  to  disease.    The  trees,  in  such  cases,  appear  to  filter  tho  air,  and  to  purify  it  by 

QussTioirs.— What  is  known  respecting  the  action  of  poisons,  like  Prussic  acid,  etc  f 
What  other  class  of  poisons  are  mentioned  ?  Explain  the  manner  of  tiieir  action.  What 
aro  taduded  under  this  dass  ?   What  is  contagion  f    What  is  miasm  f 
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Mildew  18  a  species  of  decomposition  occasioned  by  the  deyelopment  and 
growth  of  a  class  of  microscopic  fungi ;  (a  fungus  being  a  cellular,  flowerkGs 
plant).  The  dark  spots  observed  upon  awnings,  sails,  etc.,  exposed  to  the 
weather,  are  fiuniliar  examples  of  its  aetion.  The  most  effectual  agent  in  jure- 
venting  mildew  is  chloride  of  sma 

Many  of  the  poisons  which  act  as  ferments,  and  readily  excite  disease  when 
brought  in  contact  with  the  blood,  such  as  the  contagious  matter  of  small- 
pox, feyers,  etc.,  are  wholly  inoperative  when  introduced  into  the  stomach. 
The  explanation  of  this  is,  that  they  are  alkaline  or  neutral  in  their  properties, 
and  are  therefore  destroyed  or  neutralized  by  the  free  acid  which  always  ex- 
ists in  the  stomach.  Poisons  of  a  similar  diaracter,  however,  which  have 
an  acid  reaction,  appear,  when  placed  under  the  same  circumstances^  to 
retain  all  their  frightful  properties.  The  products  of  the  incipient  putse&o- 
tion  of  meat  and  fish  are  particularly  liable  to  act  In  this  manner.  In  Ger- 
many, eq>ecially,  the  effects  of  a  poison  of  this  character,  resulting  finom  a 
peculiar  kind  of  putre&ctk>n  occurring  in  sausages,  and  hence  termed  the 
*'  sausage  poison,''  have  been  very  carefully  studied.  The  symptoms  which 
precede  death  in  cases  ol  p(»soning  by  putrefied  sausages  are  very  remark- 
able. "  There  is  a  lingering  and  gradual  wasting  of  muscular  fiber,  and  of 
all  the  constituents  of  cbc  body  similarly  composed ;  the  patient  becomes 
much  emaciated,  dries  to  a  oomjdetc  mummy,  and  finally  dies." 

The  flesh  of  animals  killed  when  overdriven  or  exhausted,  is  also  veiy 
liable  to  produce  diseases  which,  in  the  rapidity  of  their  action  and  deadly 
effect,  resemble  cholera ;  the  symptom^  however,  do  not  generally  manifest 
themselves  until  some  little  time  has  elapsed  after  the  food  has  boon  received 
into  the  stomach.  The  origin  of  the  poison  In  the  meat  in  th  30  instances 
is  explained  as  follows :  all  mental  and  physical  effort  is  accompanied  by  and 

removing  the  miannata.  Trees  also  appear  to  prevent  miasmata  by  absorbing  it  The 
negroes  of  the  South  plant  the  sunflowrer  near  their  cabins  as  a  preventative  against  fever 
and  ague.  Facts  also  show  that  malaria  does  not  prevail  in  the  neighborhood  of  swamps 
surrounded  with  thick  forests — the  vicinity  of  the  Dismal  Swamp,  for  example,  lieing 
healthy,  while  the  marshes  of  the  adjacent  sea-board  are  most  pestilentiaL**  Flint,  in  his 
aeeount  of  the  MiRsissippi  Valley,  mentions  the  fact  that  the  wood-cutters  on  the  bsnks 
of  the  streams  where  the  trees  had  been  cut  away,  were  constantly  attacked  by  malarioas 
fevers,  while  such  diseases  among  the  workmen  in  the  forest  were  comparativiely  rare, 
although  the  ground  on  which  they  worked  was  quite  as  moist  Every  tree  wliidi  they 
left  to  decay  on  the  ground  helped  to  create  the  poison,  while  every  tree  left  standing 
helped  to  absorb  it  Many  cases  might  be  cited  where  the  cutting  down  of  woods  has  had 
a  most  unfavorable  effect  upon  the  health  of  the  surrounding  region.  The  district  around 
Rome  is  only  a  celebrated  instance  of  what  is  a  very  common  experience.  Dampness  ii 
not  a  source  of  miasmata,  but  decomposition  caused  by  too  rapid  drying,  whether  of  vege- 
table matter  or  animal  infusoria.  A  ditch  which  alternates  from  wet  to  dry,  or  a  pool 
which  is  weekly  emptied  and  replenished  as  wind  and  shower  follow  each  other,  gives 
forth  a  much  more  deadly  poison  than  ground  which  is  uniformly  and  steadily  aata- 
rated.** 

QmnsfnoMS. — ^What  is  mfldew  f  What  are  characteristic  differences  of  aetion  in  poisons 
acting  like  fermrats?  What  are  illustrations?  What  is  the  character  of  the  flesh  ol 
•verdriven  animals? 
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requires  an  expenditure  of  healthy  animal  substance.  The  br^in,  for  example, 
is  undoubtedly  used  up  by  thinking,  the  muscles  by  exercise,  the  nerves  by 
excitation.  In  the  healthy  state  of  the  system,  the  i^aste.  thus  occasioned  is 
at  once  restored,  and  the  products  of  decomposition  are  removed  by  the  or* 
gans  of  secretion,  and  thrown  off  from  the  body.  If  the  functions  ot  tho 
organs  of  secretion  are  impeded,  the  products  of  decomposition  accumukto 
in  the  system  and  occasion  disease.  In  the  case  of  overdriven  animals,  the 
products  of  decomposition  consequent  upon  unusual  and  excessive  physical 
exertion,  remain  in  the  body,  because  the  organs  of  secretion  have  not  had 
sufficient  opportunity  to  discharge  their  office  4}efore  the  animals  are  slaugh- 
tered. The  meat,  therefore,  is  full  of  substances  in  just  that  state  of  decom- 
position which  enables  them  to  act  most  effectually  as  ferments^  and  their 
presence,  therefore,  renders  the  flesh  of  the  most  healthy  animal  unwhole- 
some. It  should  also  be  mentioned,  that  the  most  severe  cases  of  poisoning 
of  this  character  seem  to  occur  when  the  putrefactive  formentation  in  the 
meat  has  only  just  conmienccd,  and  when  its  presence  is  hardly  discernible 
by  the  senses. 

720.  Every  form  of  disease  is  occasioned  by  changes  or  transformations 
which  take  place  in  organs  in  a  manner  different  fh>m  what  occurs  in  ordi- 
nary healthy  action.  If  these  transformations  are  perfected  in  constituents 
of  the  body  which  are  not  essential  to  life,  without  other  parts  taking  a  share 
in  the  decomposition,  the  form  of  the  disease  is  termed  mild  or  benignant; 
but  when  the  changes  affect  the  organs  essential  to  life,  the  disease  is  termed 
maUgnanL'^JjiEBiQ, 
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721.  The  term  alcohol  is  applied  by  chemists  to  a  series  of  compounds  of 
a  dissimilar  but  analogous  composition,  and  similar  properties.  They  all 
consist  of  carbon,  hydrogen,  and  oxygen,  are  all  liquid  at  ordinary  tempera- 
tures, and  are  characterised  by  possesang  a  high  degree  of  volatility  and  a 
pungent  taste  ajid  smell.  The  most  important  of  the  alcohols  are  wine  alco- 
hol, C4He04,  methylic  alcohol,  C5H4O8,  and  amylic  alcohol,  CioHitOj.  The 
term  alcohol,  however,  in  its  ordinary  acceptation,  refers  solely  to  the  spirit- 
uous principle  resulting  from  the  fermentation  of  saccharine  bodies. 

Sugar  is  the  only  substance  susceptible  of  vinous  fermentation,  and  tho 
only  substance  from  which  alcohol  can  be  derived.      Potatoes,  the  cereal 

Questions.— Why  is  it  liable  to  induce  disease?  What  is  the  occasion  of  all  disease  f 
When  is  disease  said  to  be  benignant  and  when  malignant?  What  is  the  chemical  signi- 
lieatlon  of  the  term  alcohol?  What  is  its  ordhiary  meaning?  From  what  sabstanoes 
only  can  alcohol  be  produced?  How  do  we  produce  alcohol  from  bodies  wUdi  consist 
mainly  of  starch? 

19 
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grun^  and  otlier  vegetable  prodacts  deOcient  iD  sugar  Ihmi  vbiuti  Mcohol  b 
o:taii](d  are  rendered  available  lor  tbia  purpcee  by  first  coaverting  tfaeii 
atwcb  iuto  sugar.  Tlia  various  kinds  of  liquora  prepared  by  meana  of  fennen- 
t  t  on,  amy  be  ccnreuieiiti/  divided  into  two  claaaes — the  beera,  produced  from 
Ue  nutntiTe  and  BtonA  containing  gruna  and  root^  and  the  wines  produced 
Horn  tbo  juicea  of  fruiU  wliich  contain  sugar. 

723.  Thft  Baerx . — When  a  aolutian  of  grape  sugar  is  diasolTed  in 
water,  and  a  Utile  jeaat  added,  formentaUoD  speedilj  ensues,  and  the  sugar 
brvBka  up  into  aloohol,  walor,  and  carboaia  add  j  of  these  several  bodies  tlia 
i  10  (bnaer  remain  in  tbe  liquid,  while  tlie  latter  escapes  as  bubbles  of  gas 
i,.to  the  air.*  Wben  cane  sugar  is  usod  the  reeults  are  the  same,  tbe  yeos^ 
buwever,  in  the  &rst  instance  eSccling  a  Iransfonnation  of  tbe  cane  sugar  into 
gmpa  sugar.  For  the  completion  of  these  changes  it  is  not  necessarf  that  air 
sbould  be  preaenL 

When  the  cereal  grains,  etc.,  are  used  fbr  the  manufacture  of  alcoliol,  tbe 
first  st«p,  as  has  been  already  slated,  consists  in  effectiug  a  change  of  the 
starch  into  this  sugar.  This  tniusfbrniation  may  tfo  brought  about  by  lbs 
aitclon  of  dilute  sulphuric  acid,  but  in  practical  operatioaa  this  agent  is  rardjr 
used,  and  Che  cbauge  is  eOeoted  tbrough  the  influence  of  ditulate  (g  .  68S| 
In  order  to  anive  at  a  clear  understanding  of  this  phenomenon,  it  is  neces- 
saly  to  first  consider  Che  conditions  under  which  diastase  originatcB. 

A  soed  or  grain  consists  essentially,  in  (he  first  instance,  of  two  substances, 
Fia.  232.  starch  and  gluten,  in  which  is  contained  a  little  rudi- 

meutary  planUet,  called  tbe  germ  or  embrya     It  is  Gir' 
\    the  nourishment  and  support  of  this  embiyo,  before  iC 
■M   has  attained  sufficient  dcTclopmcnt  to  be  able  Co  derive 
J    its  own  auslenance  from  the  soil  or  air,      j^q.  233. 
that  the  supphes  of  starch  and  gluten  con- 
tained in  the  seed  are  piovided.  Fig.  222 
repreaenla  Bgiainof  Indian  com,  divided  so  as  to  sbowtbe  em-  I 
biyo  embedded  in  the  starch  and  gluten,  which  make  up  the 
bulk  of  the  seed.     Fig.  2  23  represents,  in  like  manner,  a  sec- 
tion of  an  acom.     Under  tbe  Joint  influence  of  heat  and  mois- 
tura,  the  eml»ryo  of  the  seed  bcg^.  to  sprout,  or  germinate, 


it  dsomipsdLlOD  xa^r  be  npreHotad  u  tOUows  :- 
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and  puts  forth  a  tiny  stem  or  axiS|  bearing  upon  its  summit  a  Fia.  224. 
pair  of  small  leaves.  It  has  now  only  to  form  a  root  by  which 
to  fix  itself  to  the  ground,  to  render  it  a  perfect,  though  dim- 
inutive plant,  capable  of  providing  for  itself  (Fig.  224  repre- 
sents a  grain  of  Indian  com  in  the  process  of  germination.) 
This  root  is  and  can  only  be  formed  from  the  starch  and  glu- 
ten contained  in  the  sded;  **but  as  both  these  substances  are 
insoluble  in  water,  they  can  not,  in  their  natural  state,  pass  on- 
wards from  the  body  of  the  seed  to  supply  the  wants  of  the 
growing  germ.  It  has  been  beautifully  provided,  therefore,  that 
both  of  them  should  undergo  chemical  changes  as  the  sprout-  " 
ing  proceeds,  and  these  changes  take  place  at  the  base  of  the 
germ,  exactly  where  and  when  they  are  wanted  for  the  forma- 
tion of  the  root"  The  gluten  is  accordingly  first  changed  into 
diastase,  and  this  acting  upon  the  starch  converts  it  wholly 
into  grape  sugar. 

Now  the  brewer,  in  the  manufacture  of  spirituous  liquors 
from  grains,  avails  himself  of  this  natural  transformation  in  order 
to'  obtain  the  sugar,  which  alone  is  susceptible  of  vinous  fer- 
mentation. The  grain  most  usually  selected  for  transformaitTon 
is  barley,  which  is  first  moistened  in  heaps,  and.  spread  upon  the  floor  of  a 
dark  room  to  heat  and  sprout  When  the  germination  has  advanced  to  jiist 
the  extent  s'lfficient  to  convert  the  greater  part  of  the  starch  into  sugar,  and 
the  gluten  into  diastase,  the  action  is  arrested  by  heating  the  grain  in  a  sort 
of  kUn,  which  at  once  destroys  the  vitality  of  the  germ.  The  necessity  of 
thus  violently  arresting  the  progress  of  germination,  grows  out  of  the  fact  tfaa^ 
^  the  sugar  would  be  wholly  consumed  by  its  continuance  and  converted  into 
vegetable  tissue.    Barley  thus  treated  is  termed  maU, 

The  next  step  of  the  process  consists  in  bruising  the  malt^  and  digesting  it 
with  water,  gently  warmed,  in  what  is  called  the  "  mash-tub."  The  solution 
obtained  contains  sugar  and  diastase,  and  is  termed  wort  By  standing  a  lit- 
tle time,  the  diastase  acts  upon  any  starch  yet  remaining  in  the  seed,  and  con- 
verts it  into  sugar ;  and  it  is  also  capable  of  changing,  in  a  like  manner,  any 
unmalted  grain  or  starch  which  may  be  added  to  the  wort  at  this  stage  of  the 
process. 

The  change  of  all  the  starch  into  sugar  being  effected,  the  wort  is  next 
heated  to  boiling,  which  destroys  any  further  action  of  the  diastase.  At  this 
point,  also,  hops  are  introduced  into  the  wort,  which,  besides  imparting  a  pe- 
culiar bitterness  and  aroma  to  the  liquid,  help  to  clarify  it  The  boiled  liquor, 
filtered  and  clarified,  is  next  run  off  into  shallow  vessels,  and  cooled  to  a  tem- 


QussTioxs.— What  takes  place  in  germination  f  How  does  the  brewer  avail  himself  of 
the  natnral  transformation  of  the  starch  and  gluten  of  seeds  f  What  is  mtdtf  What  is 
the  first  step  of  the  process  of  brewing  ?  What  is  the  second  f  How  is  fermentation  ef- 
fected? How  is  fermentation  arrested?  Is  the  sugar  contained  in  the  wort  allowed  to 
entirely  decompose;  ? 
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peratore  of  about  60^  F.  Yeast  is  then  added,  and  fermentation  allowed  to 
proceed.  "In  a  few  hours  bubbles  of  gas  will  be  seen  rising  fix)m  all  p^yrts  of 
the  liquid,  a  ring  of  froth  forming  at  first  round  its  edge,  and  gradually  in> 
creasing  and  q>reading  until  it  meets  in  the  center,  or  until  the  whole  sur&ce 
becomes  covered  with  a  white,  creamy  loam  of  yeast  The  bubbles  of  gas 
then  rise  and  break  in  such  numbers  that  they  emit  a  low,  hissing  sound, 
while  the  yeast  gradua^y  continues  to  increase  in  thickness,  and  at  last  forms 
a  tough,  viscid  crust,  which  the  brewer  skims  off  and  removes  as  soon  as  he 
judges  that  the  fermentation  is  complete,  (the  period  of  time  varying  from  six 
to  eight  days)." 

In  practice,  the  fermentation  is  always  checked  before  the  whole  of  the 
sugar  is  converted  into  alcohol,  since,  if  perfect  decomposition  were  effected, 
the  beer  would  not  keep,  but  would  soon  turn  sour  in  the  cask.  The  residue 
of  undecomposed  sugar  also  imparts  a  sweet,  pleasant  flavor  to  the  beer. 

The  liquor  is  next  drawn  off  into  casks,  where  it  undergoes  a  second. fermen- 
tation, far  more  slow  and  protracted,  however,  tlian  the  first ;  this  effects  what 
is  called  a  rrpeoing  of  the  beer,  and  is  essential  to  its  preservation.  At  the  con- 
clusion of  this  second  fermentation,  the  liquors  must  be  kept  tightly  bunged, 
or  corked  up,  since,  as  soon  as  the  fermentation  ceases,  and  air  gets  access  to 
the  liquor,  oxydation  commences,  and  induces  acetous  fermentation.  The 
sparkle  and  foam  of  bottled  liquors  is  owing  to  the  carbonic  acid  gas  which  is 
generated  in  this  second  fermentation,  and  becomes  dissolved  ijo.  the  liquois 
under  pressura 

The  varieties  of  beer  depend  both  upon  the  difference  in  their  material  and 
che  different  management  in  their  production.  The  difference  in  the  colors 
of  ale  and  porter  depends  upon  tlie  color  of  the  malt  employed,  which,  in 
turn,  is  regulated  by  the  length  of  time  the  malt  is  subjected  to  the  heat  in 
the  kilns. 

VjZ.  Lager  Boer . — Ordinary  beers,  even  after  the  second  fermenta- 
don,  contain  a  considerable  quantity  of  albuminous  or  glutinous  matter, 
which  tends  to  decompose  by  contact  with  the  air,  and  convert  the  alcohol 
mto  acid  (vinegar).  Such  liquors,  therefore,  are  with  difficulty  preserved  for 
a  great  length  of  time.  In  the  preparation  of  lager,  or  Bavarian  beer,  the 
wort  is  fermented  very  slowly,  and  at  an  extremely  low  temperature,  in  large 
open  vessels;  by  which  procedure  the  yeast  produced,  instead  of  rising  at  the 
top  of  the  liquor,  falls  to  the  bottom,  and  a  separation  from  the  liquor  of  almost 
every  trace  of  nitrogenized  matters  is  at  the  same  time^effected.  The  fer- 
mentation thus  carried  on  is  very  complete,  and  continues  for  weeks,  or  even 
months ;  the  liquor  produced  being  as  clear  as  champagne,  and  richly  chaiged 
with  carbonic  add.  It  may  also  be  preserved  for  years  without  becomiog 
sour.  Lager  beer  derives  its  name  from  the  long  time  it  is  allowed  to  lay 
{Uiger)  in  vats  or  casks,  in  cool  cellars,  previous  to  consumption. 

QmanoNS. — Does  any  farther  fermentation  take  place  f  What  occasions  the  sparkle 
and  foam  of  bottled  liquors!  What  occasions  the  differences  in  beer  t  What  is  "  lagei^ 
beery    How  is  it  prodaoed  f    What  is  the  origin  of  its  name? 
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724.  The  intoxicating  properties  of  malt  liquors  depend  entirely  upon  the 
alcohol  they  contain.  Of  this,  there  is  present  in  the  stronger  varieties  of 
ales  and  beers  (English  ale,  Albany  ale,  etc.),  from  6^  to  10  per  cent  by 
weight;  in  porter  and  "brown  stout,"  from  3J  to  6^;  in  lager  beer,  from  2 
to  3'5  per  cent  In  addition  to  itlcohol,  the  malt  liquors  all  contain  a  certain 
qUantitity  of  iiutrltive  matters,  consisting  of  undecomposed  sugars,  nitrogciii7ied 
substances,  oils,  the  aromatic  parts  of  the  hop,  and  certain  mineral  salts.  In 
ordinary  strong  beers,  the  quantity  of  these  substances  varies  from  4  to  8  per 
cent,  of  th^  entire  weight ;  .in  some  of  the  German  beers  the  per  centage  Is 
much  greater;  so  that  beer  is,  to  a  considerable  extent,  food  as  well  as 
drink. 

^26.  Wines . — ^The  expressed  juices  of  ripe  fruits  containing  sugar,  con- 
tain also  a  peculiar  azotized  matter,  which  causes  them  to  readily  undergo  for* 
mentation  without  the  addition  of  yeast.  In  ordinary  summer  weather,  the 
clearest  juice  of  the  grape  will  enter  into  fermentation  within  a  half  an  hour 
after  its  expression,  and  give  off  bubbles  of  gas.  The  azotized  matter  which 
occasions  this  fermentation  will  not,  however,  enter  into  an  active  state  of  de- 
composition, unlt'ss  free  oxygen  has  access  to  it  "Consequently,  whole 
grapes,  or  those  in  which  the  skins  remain  perfect  and  entire,  may  be  dried 
and  converted  into  raisins;  but  if  the  skin  is  once  injured,  a  little  air  gets  in, 
and  fermentation  soon  commences." 

The  method  of  making  wine  is  essentially  as  follows :  the  grapes  are  col- 
lected and  pressed ;  the  juice,  which  is  called  mttst,  ia  poured  into  vats  situ- 
ated in  cellars,  where,  as  the  t^^mperature  is  low,  the  fermentation  proceeds  so 
slowly,  that  it  is  not  completed  until  after  some  months.  During  the  fermen- 
tation, the  impurities  rise  to  the  surface  in  the  form  of  froth,  or  yeast,  or  set- 
tle to  the  bottom  of  the  vats  (lees),  so  that  the  pure  wine  is  finally  drawn  off 
clear,  and  ready  for  use.  Wines  intended  to  be  sparkling  or  effervescing,  are 
bottled  before  the  fermentation  is  quite  finished,  so  that  the  carbonic  acid 
subsequently  evolved  remains  stored  up  in  the  liquid. 

726.  The  popular  qualities  by  which  wines  are  known,  are  their  strength, 
sweetness,  acidity,  and  flavor. 

The  strength  of  wine  depends  upon  the  alcohol  it  contains,  the  percentage 
of  which  varies  greatly  in  different  wmes.  The  weaker  hocks  and  sour 
wines  contain  about  9  per  cent. ;  champagne  from  5  to  15 ;  claret  from  9  to 
15 ;  while  the  stronger  madeiras,  sherries,  and  ports,  contain  from  18  to  24 
per  cent.  The  sweetness  and  fruity  character  of  wines  is  due  to  a  portion 
of  grape  sugar  which  has  escaped  the  decomposing  action  of  the  fermentation. 
Of  this,  there  is  no  sensible  quantity  present  in  clarets.  Burgundies,  hocks, 

QuKSTiONS. — ^To  what  are  the  intoxicating  properties  of  malt  liquors  due?  How  much 
alcohol  do  they  contain  on  an  average  f  What  other  substances  beside  alcohol  are  con- 
tained in  malt  liquors  ?  Is  it  necessary  to  add  yeast  to  the  expressed  Juice  of  ripe  fruits 
to  excite  fermeiAtion  ?  Why  do  not  grapes  ferment  upon  the  yines  f  How  is  wine  manu- 
factured f  How  flare  sparkling  wines  prepared  f  Upon  what  does  the  strength  of  wine 
depend?  State  the  proportion  of  alcohol  in  various  wines.  Upon  what  does  the  twoel;. 
nen  of  wines  depend  ? 
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otc.  Sherries  contain  from  9  to  12  grains  of  sagar  in  an  ounce ;  ports  from 
16  to  30 ;  and  the  so-caQed  sweet  wines  (Cyprus,  Malmsey,  etc)  from  60 'to 
100  grainSb    Some  wines,  like  champagne,  are  artificially  sweetened. 

All  wines,  malt  liquors,  and  ciders,  contain  before  undergoing  acetous  fer- 
mentation a  variable  proportion  of  free  acid,  which  imparts  to  them  a  more  or 
less  distinctly  sour  taste ;  but  in  each  liquor  the  characteristic  acid  is  differ- 
ent Thus,  malt  liquors  contain  acetic  acid ;  ciders  and  the  liquors  allied  to 
it,  lactic  acid ;  while  the  acidity  of  wines  is  due  to  tartaric  acid.  In  all  of 
them  acetic  add  is  also  present  in  g^reater  or  loss  quantity,  as  it  is  always 
produced  when  the  fermentation  of  alcoholic  liquors  is  allowed  to  proceed 
too  far ;  but  lactic  acid  is  not  found  in  malt  beer  or  grape  wine  in  sensible 
quantity ;  nor  is  tartaric  acid  found  in  beer  or  cider.  When  the  fermented 
juice  of  the  grape  is  left  at  rest,  the  tartaric  acid  gradually  separates  frx>m  it, 
and  in  combination  with  potash  deposits  itself  as  a  crust  upon  the  sides  of 
the  cask  or  bottles  (cream  of  tartar).  Hence  by  long  keeping  good  wines 
become  less  acid,  and  every  year  added  to  their  age  increases  in  proportion 
their  marketable  value.  Of  the  common  wines,  sherry  is  the  least  add,  and 
the  Rhine  wines  of  Grermany  the  most  so. — Johnson. 

The  agreeable  vinous  odor  of  wine  is  duo  to  the  presence  of  a  fragrant 
ethereal  substance  called  CBnarUhic  ether.  This  body  does  not  exist  in  the 
juice  of  the  grape,  but  is  produced  during  fermentation,  and  may  be  isolated 
in  the  form  of  a  fetid,  highly  fluid  compound  of  carbon,  hydrogen,  and 
oxygen.  In  addition,  however,  to  this  substance,  all  wines  contain  certain 
fragrant  principles  which  impart  to  them  a  peculiar  hauqtietf  or  flavor,  and 
render  wine  so  different  and  so  preferable  to  beer,  or  any  artificial  mixture 
of  spirit,  sugar  and  water.  They  exist  in  wine  in  very  minute  quantities,  and 
their  chemical  composition  is  not  well  understood.* 

In  addition  to  the  substances  mentioned,  all  wines  contain  small  quantities 
of  other  vegetable  acids,  together  with  various  coloring,  oily,  and  albuminous 
compounds. 

t2t.  Ardent  Spirits  • — ^When  fermented  liquors  are  subjected  to  a 
moderate  heat,  the  alcohol  which  they  contain,  by  reason  of  its  greater  vola- 
tility, separates  from  the  water,  and  together  with  a  little  steam  and  some 
odoriferous  substances,  rises  as  vapor.    When  this  operation  is  conducted  in 


*  Some  of  these  peealiar  bouquets  are  only  developed  by  age,  a  fact  which  the  wfaie 
fancier  so  well  appreciates,  that  he  will  giro  many  times  the  original  price  for  a  kept  wise, 
and  milUons  of  gallons  are  retained  as  stock  in  Europe  becaase  of  this  property.  In  ad- 
dition, wines  of  peculiar  localities  contain  special  bouquets  which  the  art  of  the  chemist 
entirely  fsils  to  account  for.  Thus  the  celebrated  wine  of  Johannisberg  (the  most  costly 
of  all  wines  by  reason  of  its  flayor)  is  only  produced  upon  one  estate  In  Germany.  The 
wines  of  the  neighboring  valleys,  when  subjected  to  analysis,  show  the  same  quantttiesof 
add,  sugar,  and  alcohol,  but  they  do  not  possess  the  same  bouqueL 

QinESTiONS. — What  are  the  sweetest  wines?  What  is  said  of  the  acidity  of  fermented 
liquors  in  general?  What  is  the  acid  principle  of  wine?  Why  do  wines  acquire  sweet> 
ness  by  age?  To  what  is  the  vinous  odor  of  wine  due  ?  What  is  said  of  the  bouquet  of 
wines  ?    What  are  ardent  spirits  ? 
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close  Teasels  {retortB),  and  the  evolved  vapors  are  collected  and  eondenaed  by 
cooling  (see  Fig.  225),  liquors  containing  a  large  percentage  of  alcobcd  an 
obtaiDed.    To  aach  products  of  distilla- 
tion only  is  the  term  ardont  spirila  prop-  " 
etiy  applied. 

Every  different  fermented  liquor,  when 
distilled,  yields  an  ardent  spirit  wbicb  ia 
characterized  hj  a  peculiar  flavor,  acd  is 
distinguished  by  a  name  oT  its  awo. 
Thua,  broody  is  the  product  obtained  by 
the  distillation  of  wine,  and  rum  the  pro- 
duct of  diatilling  fermented  molasses. 
Whiskey  is  manutkctured  from  corn,  lye, 
or  potaloes  ia  the  feUowing  manner ;  the 
gtaui  or  potaloea,  boiled  or  mashed,  are 

mixed  with  b  portioa  of  bnrlej-malt  and  irarm  water  to  form  a  paste,  which 
ia  allowed  to  aland  for  a  timo  at  an  elevated  temperature.  Under  these  con- 
ditions the  diastase  of  the  malt  conveds  the  starch  into  sugar,  which  is  then 
femoetited  in  the  usnal  manner  by  the  addition  of  yeast.  When  Uie  ler- 
meotattoQ  is  concluded,  the  mass  is  placed  in  a  sti^l,  and  the  spirituous  prin- 
ciple distilled  over  by  heat.  The  condensed  product  ia  whiskey,  while  the 
residue  loft  in  the  still,  called  alopa,  or  awill,  is  used  as  food  for  hoga  and 
cows.*  Cin  is  prepared  by  recti^ing  (rediaiiliittg)  the  spirit  obtained  from  a 
mixture  of  ferments  rye  and  barley  with  juniper  inrriea.  By  this  means  it 
loses  the  crude  flavor  It  originally  had,  and  acquires  the  agreeable  one  of 
junipers. 

The  percentage  of  absolute  alcohol  contained  in  ardent  spirits  intended  for 
consumption  (i.  e,,  strong  brandy,  rum,  whiskey,  etc)  varies  from  50  to  70 
per  cent.  When  these  are  submitted  to  distillation,  a  stronger  liquor,  called 
spij-ils  of  wine,  ia  obtained.  The  product  of  the  redistillation  of  this  last  ia 
called  recmied  //pints  of  leim,  or  rectified  alahai,  and  contains  about  90  per 
cexA.  of  alcohol  and  the  balance  water.  It  is  the  strongest  alcohol  known  in 
commerce.  The  quan^tj  of  water  remaining  in  rectified  spirits  of  wine  can 
not  1)6  sepamted  by  simple  diatillation,  but  is  accomphahed  by  mixing  tho 
apirita  of  wino  with  chloride  of  calcium,  or  some  other  substance  which  haa 
so  strong  an  offlnity  for  water  that  it  absorbs  it,  and  allows  the  alcohol  to 
distil  over  pure.  In  this  condition  the  alcohol  is  termed  absobde,  or  onAi^ 
inms.     Proof  apuit  is  a  mixture  of  equal  parts  of  water  and  aloohoL 

*  Tba  ntik  jlddfld  br  cow  fad  on  thli  refuse  Is  couaidered  anbealthy,  end  li  pvpnlarlj 


nose IH  thn  dlstUlmto  ot  ell  fermenlf d  liqQara  the  ume '    Wlut  Is  bimiHl' 

inimf  How  •Tid  from  what  iawhinkeymanufBctunidf  Wh«ti«glof  Wh«t 
xnUgBDrslcohalinirdeDt  ipiriur  Whkl see  spLrlti of <rlDef  W1»t)sreddfi> 
•    ffimtleputeilcoholc^ad!    Howls  It  prepered!    Whit  leproof  aplritr 
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It  wu  Sxmeiij  the  ciutom  to  eelbwte  the  etrenglli  of  en  alcoholu:  liqiwr 

b;  igDi^g  a  liHle  oT  it  Id  counectkni  with  giiDpowder ;  if  the  powder  y/aa 

fired,  the  spirit  was  considered  strong,  and  called  proof;  it,  on  the  eontrarj, 

ft  contained  mora  than  half  wnter,  the  powder  was  not  ignited,  and  the  airirit 

was  said  to  be  below  prooC    The  quanUtj  of  nkohot  contained  to  a  aolutioD 

b  now,  however,  calcnlated  b;  determiuDg  its  specific  gravi^  (§  10),  or 

FiO   126.  i»oro  conrenientt/  by  means  of  the  alcohotomder  (see 

Fig.  226),  which  is  so  weighted  and  graduated  that  it 

sinks  to  the  topmost  point  of  the  scale  A,  which  is 

marked  100°,  Id  absolute  alcohol,  and  to  the  lowest 

degree  in  pure  water,  wbich  is  marked  1° — ioteniio- 

diato  poaitioDS  indicating  proportional  mixtures  of  tlie 

two  liquids. 

12S.  Prop«rtiei  Of  ilCOhol.— Pure,  or 
strong  alcohol,  is  a  highly  Totatile,  mobile  liquid,  about 
one  fifth  lighter  than  water  (ap.  g.  0'795)  posseasing 
an  agreeable,  penetrating  odor,  and  a  hot,  burning 
taste.  It  is  very  combustible,  and  bums  with  a  pale 
blue  fiamo  without  smoke,  but  with  iotenge  beat.  It 
baa  a  strong  affinity  ibr  water,  and  absorbs  or  extracts 

)it  from  sutietances  with  which  it  is  brought  in  contact. 
On  this  account,  taken  in  connection  with  its  property 
ot  coagulating  or  liardening  aliniraeD,  it  acts  aa  a  pow- 
erful antiseptic,  and  is  much  used  to  preserve  organic  substances  fi^nn  putro- 
bction.  Strong  alcohol  has  never  been  (rozen.*  'When  taken  into  tlio 
stomach  it  acta  as  a  deadly  poison,  but  when  largely  diluted  with  water  it  is, 
as  is  well  known,  stimulating  and  iotoxicatii^.  The  si'lvent  powers  of  alix>- 
hoi  are  veiy  great ;  it  disBolvea  a  great  number  of  organio  subetancea  wbidi 
are  insoluble  in  water,  such  as  tlio  volatile  oils  and  the  resins,  together  with 
HUDJ  adds,  salts,  the  caustic  alkalies,  and  other  substances.  Alcoholic  ex- 
tracts of  mudicinal  plants,  roots,  barks,  etc.,  constitute  the  (tncterM  of  pbar- 
macT,  and  most  of  the  liquid  perfumes  («ia  de  Oolofm,  etc)  ara  solutions  of 
IVagraot  and  volatila  oils  in  alcohoL  UanjTamishe^  also,  are  tbnned  by 
dissolving  resins  in  alcohol 

729.  Bread . — The  preparation  of  bread  is  properly  considered  in  con- 
Bection  with  Ibesubject  of  vinous  fermentaUon: — 

The  flour  of  wheat  and  other  grains  which  enter  into  the  compoBiti<Ri  of 
bread,  consists  miunly  of  stsrcb,  gluten,  and  water,  together  with  small  pro- 


*  H.  DeipretiofPula.lnlStg,  iDecseded.  by  the  npid  enporatlcin  of  Dqnid  protnrd 

of  BltrogBD  HTid  BplldUlad  CATbonle  ftdd.  In  produdng  ■  degreg  of  cold  anffldant  ld  dqjcfv* 
•tsDtasI  In  put  of  iU  truspuwicy,  ud  Ruder  It  thick  wid  vtsdd. 

QonnoHB. — How  b  the  qninUty  of  iilcahiil  la  ■  llqaor  determined  t  Whit  us  lli« 
pmpertiei  of  ■Icohol  r  Whit  lauld  of  lb  mlTent  pavatit  Whit  >r<  tlnstnrcat  How 
ua  liquid  perfame«  goumUr  prepared  t    'What  !■  the  campoeiUoD  at  tlour  F 
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portkms  of  sugar  and  gum.*  The  first  step  in  t\\s  procMs  of  bread-making,  ia 
to  nix  together,  in  a  suitable  vessel,  a  proper  proportion  ot  flour,  yeast,  vann 
water,  and  common  salt  Tliis  mixlure,  which  is  called  the  iportge,  is  worked 
up  to  the  conaistence  of  iliS  batter,  and  then  left  lor  a,  few  hours  in  a  warm 
atmosphere^  daring  which  time  the  yeast  excites  fermentation  in  tJie  sugar, 
and  occaaiotis  its  convcrsioa  into  alcohol  and'  carbonic  acid.  The  gas  thus 
generated  does  not  escape  in  buhbles.  but  is  retained  by  tiie  tenadous  and 
tiadd  dough,  which,  in  consequence,  tiecomes  light  and  porous,  and  swells  up 
to  about  Iwica  its  original  size. 

When  the  fermentation  lias  procaeded  sufficiently  lar,  about  twice  as  much 
flour  as  was  originally  taken  ia  added  to  the  sponge,  and  the  two  are  care- 
fully kneaded  together.  This  is  a  v^ry  laborious  part  of  the  operation,  but  is 
quite  essential  to  the  success  of  Oie  process,  «nce,  if  it  is  not  very  Uiorot^ly 
attended  lo,  the  half-fennented  sponge  will  not  be  equally  and  uniformly  dis- 
tritnited  througbout  the  whole  of  the  dough. 

If  the  dough  be  now  put  into  a  hot  oven,  the  fermentation  is  at  flrst  increased 
and  the  size  and  porosity  of  Uie  loaf  are  also  greatly  augmented  by  the  ex- 
panuon  of  the  carbonic  acid  gas  contained  in  its  celiular  spaces.  When, 
however,  the  whole  has  been  beated  to  nearly  the  temperature  of  boiling 
water,  the  fermentation  ia  suddenly  arrested ;  and  the  alcohol  and  a  large 
proportiou  of  the  water  employed  in  mixing  the  dough,  beii^  at  the  samo 
lime  volatilized  by  the  heat,  the  cellular  portions  (^  the  b^ed  bread  ac-  ' 


■  Fllnl-irlmt  eontatna,  on  in  iiTel»ge,iib(intS>Ipirtiof  stinb,  14  orglutsn.  8  orm^r, 

SoT  gam,  S  of  bnn,  uid  from  10  (o  13  put*  sfntAr.  Tha  nuaner  in  vhlcb  Ibe  bru,  Ibe 

glDten,  ind  tke  itarcli  ub  reipectiriilr  dlUrlbuted  j^^  2IT. 
througbont  Ibe  eeml  gnint,  li  sbowa  by  tb«  fol- 

loirli^  KcUon  oT  ■  rully-ripo  gr^ii  of  ryt,  blgbly  ^ 

magnlfled.    (See  Fig.  ST".)    o  reprsMnli  the  outer-  J 

■ced  owt.  sonaiBtlng  of  (hreo  rowi  of  thkk-valled  | 

■f  thIck-wKllefl  cella,  hBVdng  Kircely  any  caylly ;  c.  2 

.Ursror«ll-.<»nWtnLng  glulen-     Tlinle  IhrM  lo-  S 


per  «nL  of  glutoB.  »hlle  Ihe  ionar  cmUob;  conUna  fWiin  U 
■cjBralfldlnlbebran.  Iniddiilon  to  thlM,  howeTar,giulenl>dli 
ontths  luKHDrenin,  among  the  celli  cooUInlng  aUrth.    A«l..,  ..... 
Tariel)- of  grrfn  depends  Tory  much  upon  tha  proportion  of  gluten  n 

It  Is  obrionB,  that  b;  lifting  out  the  bran,  aa  1>  uauillj  done,  ire  rendi 
tritioua.    The  bran  geoenllr  conatltutea  about  one  fourlh  part  of  Ihe  ' 

gumia.    Whan  .beat  ll  bumea.  there  la  left  about  S  per  cent.  aah.  neaf.^ _ 

conaiala  of  phoaphorle  add :  the  other  eouatltuenta  being  mainly  potaah.  iHlsa,  iii..s"<" — 
aoda,  Diyd  of  iron,  ebi.  ThoH  mineral  ingr«dlenta  are-  nneqnallr  dlduaed  throughou 
Ibe  aeed ;  fln?  flour  containing  the  anuileat  proportion,  and  the  bran  the  moaL 

QumnoHe What  >■  the  first  Mep  In  lbs  proceHof  bread-making)    Whalia  thene 

cea^ty  of  pTodncing  formentatlon  In  dough  of  bread  f  Wbat  It  Ibe  Meond  alag*  af  th< 
proee»r    Wbaloccuraln  tbebaklngi 
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qaire  so  much  solidity,  that  thej  retain  their  form  and  structure  permanently. 
If,  however,  the  heat  of  the  oven  is  not  properly  regulated,  or  if  the  dough 
contains  too  much  water,  the  cellular  portions  harden  too  slowly,  and  on  the 
escape  of  the  carbonic  acid,  collapse  and  run  together  (slack-baking).  The 
alcohol  which  escapes  from  the  bread  in  baking  may,  by  means  of  a  proper 
apparatus,  be  collected  and  condensed  into  spirits,  and  this,  in  fact,  is  done  in 
some  of  the  European  bakeries. 

The  yeast,  in  converting  the  sugar  of  the  flour  into  alcohol  and  carbonic 
acid,  acts  also  upon  the  starch,  in  the  manner  of  diastase,  and  transforms  a 
portion  of  it  into  sugar ;  so  that,  although  the  sugar,  which  originally  existed 
in  the  flour,  is  almost  completely  decomposed,  the  amount  present  in  the 
bread  remains  very  nearly  constant  ^  **  It  is  sometimes  stated,  that,  by  the 
ordinary  mode  of  bread-making,  a  large  portion  of  the  most  valuable  part  of 
flour  is  destroyed^  by  fermentation.  This,  however,  is  not  the  case.  Very 
little  of  the  azotized  matter  of  the  flour  is  lost  during  the  fermentation  of  the 
dough :  the  chief  effect  produced  is  a  loss  of  a  portion  of  the  sugar;  but  as 
nearly  an  equal  quantity  is  formed  from  the  starch,  tlie  real  effect  of  the  fer- 
mentation may  be  said  to  be  principally  the  loss  of  about  5  per  cent  of  starch.** 
— Solly. 

The  addition  of  common  salt  to  bread  renders  it  more  wholesomo  and  di- 
gestible, and  also  assists  in  its  preservation. 

The  quantity  of  water  in  well-baked  wheaten  bread  amounts  to  about  45 
per  cent,  or,  in  other  words,  the  bread  we  eat  is  about  one  half  water. 
Bread  that  has  been  kept  for  a  few  days,  loses  the  characteristic  soilness 
which  distinguishes  it  when  frcsh-baken,  and  becomes  "crumbly,"  and  ap- 
parently drier.  In  this  condition  it  is  known  as  stale  bread.  The  change, 
however,  is  not  due  to  any  lo  s  of  water,  but  to  a  change  in  the  internal  ar- 
rangement of  the  molecules  of  the  bread. 

The  solubility  of  bread,  and  its  consequent  ready  digestibility,  is  somewhat 
\ncreased  by  toasting,  the  starch  being  thereby  converted  into  a  modified 
gum  (§'689). 

t30.  As  the  process  of  fermenting  bread,  in  order  to  render  it  light  and 
porous,  is  troublesome,  and  somewhat  uncertain,  various  attempts  have  been 
made  to  effect  the  same  object  by  other  agencies.  The  best  of  the  substi- 
Btituted  methods  is  undoubtedly  that  in  which  bi-carbonate  of  soda  and  hy- 
drochloric (muriatic)  acid  are  employed.  A  small,  but  definite  quantity  of 
carbonate  of  soda  is  first  thoroughly  mixed  with  the  flour,  and  enough  pure 
acid  to  perfectly  neutralize  it  is  then  added  to  the  proper  quantity  of  water. 
The  flour  and  the  acid  water  being  then  thoroughly  incorporated,  the  acid 
acts  upon  the  carbonate  of  soda,  decomposes  it,  expels  its  carbonic  acid,  and 

QmRnowB.— .When  !s  bread  mid  to  be  slacked  baked  ?  Can  tbe  alcobol  evolTed  in 
bread-baking  be  eolleeted  t  What  adtlon  does  tbe  yeast  exert  on  tbe  starcb  of  the  floor? 
What  Is  the  general  effect  of  fermentation  on  the  constituents  of  the  bread  ?  What  effect 
has  common  salt  on  bread  ?  What  percentage  of  water  does  bread  cont^n  ?  What  Is 
■tale  bread  f  What  oceadons  this  change ?  What  effect  does  toasting  have  upon  bread? 
Is  there  any  way  of  rendering  bread  Ught  and  porous  without  fermentation  f 
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unites  with  the  soda  to  form  common  salt,  l^e  result  is  the  production  of  a 
light,  spongy  dough,  as  in  ordinary  fermentatioQ,  while  the  salt  formed  and 
remaining  in  the  dough,  renders  the  addition  of  this  substance,  in  the  first  in- 
stance, unnecessary.  The  most  serious  objection  to  this  plan  is  the  difficulty 
of  procuring  pure  hydrochloric  acid,  and  of  regulating  the  proportions  of  acid  and 
6od&  Tartaric  acid  may  be  substituted  in  the  place  of  hydrochloric  acid,  and 
the  so-called  yeast  powders  are  generally  prepared  by  mixing  bi-carbonate  of 
soda  and  tartaric  acid  in  proper  proportions.  The  carbonate  of  ammonia  is 
also  not  unfrequently  used  (§  525). 

731.  Sources  of  Alcohol . — Alcohol  is  not  a  principle  existing  in 
nature,  elaborated  and  stored  up  by  the  plants ;  but  is  always  a  product  of 
the  destructive  decomposition  of  highly-organized  matter.  The  principal 
sources  from  which  crude  alcohol  is  obtained,  are  the  most  valuable  of  our 
cereal  grains,  immense  quantities  of  which  are  annually  used  for  this  purpose, 
and  of  course  to  the  same  extent  the  aggregate  supply  of  food  for  man  is  di- 
minished. The  waste  of  raw  material  which  accompanies  the  manufacture 
of  alcohol  from  grain  is  also  very  great,  since  the  nitrogenized  elements  of  the 
grain  do  not  enter  into  its  composition,  and  are  accordingly  lost  for  any  useful 
purpose ;  while  the  starchy  and  saccharine  constituents  fu*e  converted  to  the 
extent  of  half  their  weight  into  valueless  carbonic  acid  and  water.  "Woody 
fiber,  it  will  be  remembered,  has  identically  the  same  composition  as  starch, 
and,  like  it,  may  be  converted  by  the  action  of  acids  into  grape  sugar,  which  is 
capable  of  furnishing  alcohol.  This  process,  however,  by  reason  of  its  ex- 
pense, is  not  practically  useful ;  but  its  consideration  has  much  of  interest, 
since  the  discovery  of  a  cheap  and  ready  method  of  converting  woody-fiber, 
and  bodies  of  like  composition  and  character,  into  glucose,  to  be  oscd  in  the 
manufacture  of  alcohol,  would  prove  one  of  the  most  valuable  discoveries  in 
the  annals  of  science. 

732.  Products  of  the  Action   of  Acids  upon  Alcohol. 
Ether . — ^When  equal  weights  of  strong  alcohol  and  oil  of  vitriol  are 

heated  to  ebullition  in  a  retort,  a  colorless,  highly  volatile  liquid  distils  over, 
which  is  known  as  etheVj  or  sidphuric  ether.  As  soon  as  the  contents  of  the 
retort  blacken  and  froth,  the  process  must  be  discontinued,  or  otherwise  the 
distillate  will  be  contaminated  by  other  substances. 

The  formation  of  this  liquid  maybe  explained  as  forows:  alcohol,  is  as- 
sumed to  be  the  hydrated  oxyd  of  an  organic  radical  etliyle,  its  composition 
being  represented  by  the  formula  C4H602-=C4lI*0-|-HO.  When  sulphuric 
acid  is  a4ded  to  alcohDl  and  heated,  it  unites  with  the  oxyd  of  ethyle  to  form 
a  bi-sulphate  (C4H60,2S03),  and  from  this  compound  at  a  higher  temperature 
the  oxyd  of  ethyle  (ether)  separates  and  distils  over  as  a  vapor.  The  alcohol, 
therefore,  is  converted  into  ether  by  the  simple  loss  of  an  atom  of  water. 
The  prefix  sulphuric,  as  applied  to  ether,  is  merely  intended  to  indicate  its 

—  '        ■    ■  ■-—    ■  ■  ■  ■■■-.-■  ■■  y  ■  ,■  M        —       —  ■  I    ,    , 

Questions. — ^What  are  yeast  powders  ?  «  What  is  said  of  the  sources  from  which  alcohol 
U  manufactured,  and  of  its  production  ?  How  is  ether  prepared  ?  What  is  the  theory 
of  its  produetion  ?    Does  sulphuric  ether  contain  any  sulphuric  acid  ? 
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origin  and  distinguish  it  fhmi  other  bodies  of  like  dwracter,  since  it  contabs 
no  sulphuric  acid  in  its  composition. 

Ether  is  a  coloriess,  transparent,  fragrant  liquid,  exceedingly  thin  and  mo- 
bile. It  boils  at  96°  F.  (or  when  exposed  to  the  sun  m  summerX  and  may  be 
frozen  by  exposure  to  severe  cold.  In  the  open  air  it  evaporates  with  great 
rapidity,  and  occasions  tliereby  a  degree  of  cold  sufficient  even  to  freeze  water 
(§  1 64).  This  property  may  bo  illnstnited  by  allowing  a  few  dn^  of  it  to  evapo- 
rate upon  the  hard.  It  is  higlily  combustible,  both  in  the  state  of  liquid  and 
vapor,  and  on  this  account  should  never  be  brought  near  a  flame.  With 
atmospheric  air^  or  oxygen,  its  vapor  forms  explosive  mixturea  This  may 
be  experimentaUy  shown  by  pouring  a  few  drops  into  a  tumbler,  and  after 
a  little  time  applying  a  burning  tap(.T. '  Ether  mixes  with  alcohol  in  all  pio- 
portions,  but  is  very  sparingly  soluble  in  water.  It  dissolves  most  oOy  and 
fatty  substances  with  great  readiness,  but  its  solvent  powers  generally  are  &r 
more  limited  than  those  of  alcohoL 

When  the  vapor  of  ether,  mixed  with  atmospheric  air,  is  inhaled,  it  pro- 
duces at  first  a  species  of  intoxication,  which  is  speedily  succeeded  by  a  kind 
of  stupor,  during  which  the  system  is  nearly  insensible  to  pain.  This  impor- 
tant property  is  not,  however,  confined  to  ether  alone,  but  is  possessed  by 
nearly  all  the  gaseous  hydrocarbons,  and  by  some  in  a  much  greater  de- 
gree. Ether,  however,  was  the  first  substance  employed  as  an  ansosthetio 
agent,  and  under  all  circumstances  must  be  regarded  as  the  safest,  no  acci- 
dents from  its  moderate  inhalation  having  ever  been  recorded. 

733.  Varieties  of  Ether . — ^By  distilling  alcohol  with  various  adds, 
different  combinations  of  the  radical  ethyle  may  be  produced,  which  are  gen- 
erally spoken  of  as  kinds  of  ethers.  Thus,  by  distilling  a  mixture  of  aloo^ 
hoi,  sulphuric  and  acetic  acids,  we  obtain  an  exceedingly  fragrant,  volatile 
liquid,  acetate  of  the  oxyd  of  ethyle,  or  acetic  ether.  The  fragrant  odor  of 
this  body  may  be  evolved  by  slightly  heating  in  a  test  tube  a  mixture  of 
the  above-named  substances.  In  Uke  manner,  with  the  aid  of  nitric  add  we 
may  obtain  a  nitrwis  eiher^  which  is  much  used  in  medicine  under  the  nanra 
of  sweet  spirits  ofwUer;  and  with  butyric  add,  a  butyric  ether,  whidi  has  the 
odor  of  rum,  and  is  now  prepared  for  the  purpose  of  imparting  to  alcohol 
this  flavor  in  the  fabrication  of  liquors. 

734.  Products  of  the  Oxydatlon  of  Alcohol.— When  al- 
cohol or  ether  are  burned  in  free  air,  the  products  of  combustion,  as  with  all 
similar  hydrocarbons,  are  carbonic  add  and  waier.  Under  certain  circum- 
stances, however,  these  substances  undergo  a  partial  oxydation,  in  which  the 
hydrogen  alone  is  oxydated  or  separated,  leaving  the  carbon  unafifected. 
The  result  is  the  formation  of  a  series  of  compounds  which  are  supposed  to 
contam  a  new  organic  radical  called  aceUfk,  O4H8,  derived  from  ethyle^ 
O4H8,  by  the  removal  of  2  equivalents  of  hydrogen  by  oxydation. 

QnxBTioicB. — What  are  the  properties  of  ether  f  What  is  said  of  its  solrent  powers? 
What  of  its  annsthetfe  properties  t  Is  this  yrffperty  confined  to  ether  ?  How  may  dif- 
ferent Tarieties  of  ether  be  prepared  f  Illustrate  this  by  examples.  What  is  the  product 
of  the  ordinary  combustion  of  alcohol  ?    What  is  acetyls  f    How  is  it  formed  t 
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135.  Aldehyde  • — The  first  known  product  of  this  series  is  a  hydrate 
of  the  oxjd  of  acetyle,  CJIsO-l-HO,  called  aldehyde  (from  ai,  alcoholf  de,  from 
which,  hyd,  hydrogen,  is  taken).  It  is  a  limpid,  colorless  liquid,  poesessing  a 
peculiarly  soflbcating  odor,  and  may  be  prepared  by  distilling  a  mixture  of 
alcohol,  oil  of  vitriol,  and  the  perozyd  of  manganese.  It  may  _ 
also  be  easfly  produced,  and  its  characteristic  Kxlor  illustrated, 
by  plunging  a  coil  of  fine  platinum  wire  heated  to  redness  into  a 
vessel  containing  a  mixture  of  alcohol  or  ether  vapor,  and  at- 
mospheric air.  (See  Fig.  228,  also  §  469.)  The  aldehyde  is 
formed  in  this  experiment  because  the  oxydation  is  not  sulBoient 
to  occasion  a  complete  cinnbustion  of  the  alcohol  vapor.  Alde- 
hyde dissolves  sulphur,  phosphorus^  and  iodine,  and  is  especially 
remarkable  for  its  affinity  for  oxygen,  in  consequence  of  which 
it  is  capable  of  reducing  many  of  the  metaUic  salts.  The  addi- 
tion of  a  little  aldehyde  in  water  to  an  ammoniacal  solution  of 
nitrate  of  silver,  occasions  the  immediate  precipitation  of  the  silver  as  a  bril- 
liant white  metaL 

T36.  Acetic  Acid  is  well  known  as  the  acid  of  vinegar,  which  latter 
substance  is,  in  fitct,  a  very  dilute  acetic  add,  containing  also  much  saccharine 
and  mucilaginous  matter.  Acetic  acid  is  regarded  as  a  hydrated  teroxyd  of 
the  same  radical,  acetyle^  which  enters  'into  the  composition  of  aldehyde— its 
composltk>n  being  represented  by  the  formula  04HsOk*-|-HO. 

Alcohol,  when  pure,  or  merely  mixed  with  water,  undei*goes  no  change 
when  exposed  to  the  air ;  but  the  presence  or  contact  of  various  foreign  sub- 
stances, dispose  it  to  absorb  oxygen.  Thus,  if  a  few  drops  of  strong  spirits  of 
wine  be  let  fall  upon  a  little  platinum  black,  the  oxygen  condensed  in  the 
pores  of  the  latter  unites  so  rapidly  with  the  alcohol,  as  to  occasion  its  instant 
inflammation.  Under  the  same  circumstances,  when  the  spirit  is  mixed  with 
a  little  water,  oxydation  still  takes  place,  but  with  less  energy,  and  the  alco- 
hol is  converted  into  acetic  acid.  In  these  transformations  the  platinum 
itself  experiences  no  change.  The  oxydation  of  alcohol,  through  the  agency 
of  platinum  black,  may  be  experimentally  exhibited,  also,  by  placing  a  capsule 
containing  platinum  black  upon  a  plate  by  the  side  of  a  small  vessel  of  alco- 
hol, and  exposing  the  whole,  covered  with  a  bell-glass,  to  the  sunshine. 
In  a  short  time,  the  vapor  of  acetic  acid  will  be  observed  to  condense  on  the 
sides  of  the  jar,  and  run  down  in  drops ;  and  by  occasionally  admitting  fresh 
air,  the  whole  of  the  alcohol  may  in  a  few  hours  be  acidified. 

The  oxydation  of  alcohol,  at  the  expense  of  the  oxygen  of  the  air,  is  also 
effected  by  the  presence  of  almost  any  azotized  matter  (ferment)  susceptible 
of  putre&ctioiL    Cider,  wine,  and  beer  naturally  contain  such  substances,  and 


QuxsTioiTB.— What  is  aldehyde  ?  What  are  ita  properties  ?  How  is  it  formed  ?  What 
is  the  add  contained  in  yinegar  f  What  is  its  chemical  composition  f  Under  what  cir- 
eamstances  is  alcohol  oxydated  f  How  may  the  transformation  of  alcohol  into  acetic  acid 
he  illastratedf  What  is  the  action  of  ferments  on  alcohol?  Why  do  cider,  beer,  etc* 
turn  sour  by  exposure  to  the  air  f 
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theraforo  readily  iuid«:gD  acetous  formcntaljoa  whon  exposed  to  the  ^,  at  a 
moderate  lemperature,  and  become  converted  into  rioegar  (acetio  add). 
Duruig  this  fvrmetitatiuD  of  alcoholic  hquors,  a  mucUaginous  substance,  con- 
aisting  chioB/  ol  Bltximinous  matter,  is  separated,  wMcb,  from  its  inflnence  in 
exciting  or  promoting  aoetooa  lermeiilittiuii,  is  popolarly  termed  the  moOierof 
vinegar.  AcidiScatioD  at  llu»ch«acter  occurs  moat  readilr  immediatel;  after 
a  spiritaous  lanneDtaUoa  which  baa  taken  place  at  too  high  a  temperature; 
hence  breiror^  dunng  the  summer  months,  experience  much  trouble  in  pre- 
Tenting  their  fermeatiug  wort  and  mash  ftvm  turning  bout. 

737.  Vinegar  is  now  maau&ctured,  on  a  large  scale,  directly  from  aldnliol, 

by  diluting  it  with  water,  adding  a  little  jeast,  and  expoaing  the  mixture  to 

the  air.    This  last  ia  best  effei;tod  by  cauaing  the  liquor  to  trickle  sloirly 

Fio.  229.  through  a  cask  Oiled  with  sliavioga  oTbeccb- 

J^  wood,  aud  arranged  as  is  represented  in  Fig; 

-221).    The  head  of  the  cask,  0,  is  closed  villi 

a  ahelC;  c,  perforated  wiUi  many  small  hole^ 

tlirough  which  tlireads  are  passed  to  cooduct 

the  liquor  downward,  and  distribute  it  evenly 

over  the  interior.    Tlie  abaTit^  first  eo^ikcd 

in  vinegar,   are  placed  loosely  in  tho  cafk, 

a  free  circulation  ot  air  between  them  being 

provided  Ibr  by  means  of  holes,   a,   in  the 

sides  of  the  cask.      In  this  way  tho  alco- 

bolio  liquor  is  caused  to  present  an  immense 

extended  suriace  Ui  the  action  of  the  air,  and 

oiydation  takes  place  so  rapidly,  that  very 

frequently,  by  the  tjme  the  liquid  has  trickled 

to  the  bottom  of  tho  cask,  it  no  longer  coa- 

taina  any  alcohol,  but  is  entirely,coiiverted  into  vinegar.     Usually,  however,  it 

is  necessaiy  to  pass  tho  liquid  through  the  apparatus  a  number  of  limes  belbre 

this  change  can  be  complewly  effected,     The  presence  or  acetic  acid  itself 

assi4s  the  action  of  acidiScalion,  and  it  ia  for  this  reason  that  the  shavtogs 

are  soaked  in  vinegar  before  using.    This  process  is  known  as  the  quick 

method  of  makii^  vinegar. 

The  pyroligneous  acid  (or  wood  vin^ar),  obtwnod  by  the  distillation  of 
bard-wood  in  close  vessels  {§  680),  is  an  impure  acetio  acid,  and  as  such  is 
1  .i^ly  used  in  dyeing  and  calico-printing;  the  presence,  however,  of  certala 
empyreumatic  aubstancea  extracted  ftom  the  wood,  impart  to  it  a  disagreeable, 
smoky  odor,  and  render  it  unfit  for  purposes  of  domestic  economy. 

The  add  Uquids  obtained  by  the  above-mentioned  processes,  are  not  pure 
aceticadd,  but  merelysolutions<jfitin  water.     This  may  be  concentrated,  but 

Mllim  ooeor  mait  rasdUf  t  Describe  tlw  qui 
product  laasDurcsofHOBtlcHcidf  !■  tho  Ad 
pur«  ftaedc  uid  ' 
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if  we  attempt  to  obtiun  the  acid  free  from  any  water  by  distillation,  it  Is  dm 
CDmposed.  Acetic  acid  in  a  separate  state  is  prepared  by  neutralizing  vinegar 
with  soda  or  lime,  evaporating  to  dryness,  and  distilling  the  solid  residue  in 
connection  with  sulphuric  acid.  The  evolved  vapors  condensed,  furnish  a 
colorless,  uitensely-sour  liquid,  which  possesses  a  pungent,  fragrant  odor,  and 
blisters  the  skin.  It  mixes  with  water  in  all  proportions,  forming  vinegars  of 
different  d^;rees  of  strength.  .  Common  table  vinegar  usually  contains  from 
3  to  5  per  cent,  of  acetic  acid.  The  salts  of  vinegar,  sold  by  druggists  as  a 
reviving  scent  in  sickness  and  fainting,  consist  of  sulphate  of  potash,  impreg- 
nated with  acetic  acid.  Acetic  acid  dissolves  many  organic  bodies,  such  as 
gluten,  gelatine,  gum,  resins,  the  white  of  eggs,  etc. ;  hence,  its  use  as  vine- 
gar, in  moderation,  promotes  digestion.  When  vinegar  is  exposed  to  cold,  the 
water  contained  in  It  is  frozen  before  the  acetic  acid  is;  hence,  weak  vinegar 
is  made  stronger  by  partial  freezing. 

738.  Salts  of  Acetic  Acid . — Acetic  acid  unites  with  most  bases  to 
form  an  important  class  of  salts  called  aceiaies,  all  of  which  are  soluble  in 
water.  AcetaU  of  Uad^  PbO,  C4II8O8,  the  sugar  of  lead  of  commerce,  is  a  white 
salt  formed  by  dissolving  oxyd  of  lead  (lithaJige)  in  acetic  acid.  It  possesses 
a  very  sweet  astringent  taste,  and  is  often  employed  in  medicine,  but  when 
taken  internally  in  any  otiier  than  minute  quantities  is  a  poison.  Acetate  of 
copper  constitutes  verdigris  (§  G13).  Acetates  of  alumina  and  of  iron  aro 
salts  mucli  used  in  dyeing  and  calico  printing. 

739.  Alethylic  Alcohol  • — In  connection  with  the  pyroligneous  acid 
obtained  by  the  distillation  of  wood  in  close  vessels,  there  also  passes  over  a 
volatile  inflammable  liquid,  which  is  allied  to  alcohol  in  its  composition  and 
properties.  This  substance  in  its  pure  state  is  known  as  methylic  alcohol,  or 
wood-spirit,  and  is  supposed  to  be  the  hydrated  oxyd  of  a  radical  called 
meihylej  the  constitution  of  which  is  represented  by  the  formula  CgHs,  and 
that  of  its  alcohol  by  C3II3O4-HO.  Crude  pyroligneous  acid  contains  about 
1-lOOth  of  its  weight  of  this  substance,  which  is  separated  from  it  by  distil- 
lation. It  occurs  as  an  article  of  commerce,  and  is  often  substituted  for  al- 
cohol in  various  processes  in  the  arts.  Its  odor,  however,  is  quite  different 
from  that  of  ordinary  alcohol 

740.  Formic-  Acid  • — ^As  alcohol  by  oxydation,  under  the  influence 
of  finely  divided  platinum,  gives  rise  to  acetic  add,  so  wood-spirit,  under 

.similar  circumstances,  produces  an  acid  product  which  has  been  called /ormic, 
from  the  circumstance,  that  a  similar  acid  may  be  extracted  from  ants  by 
distilling  them  with  water.  As  acetic  acid  is  regarded  as  the  hydrated  ter- 
oxyd  of  the  radical  acetyle,  so  formic  acid  is  considered  as  the  hydrated  ter- 
oxyd  of  a  new  radical  formyle,  which  is  derived  from  methyle  as  acetyle  is 
from  ethyle — the  formula  of  formyle  being  C9H,  and  that  of  formic  acid, 

Qmcstioxs. — ^How  fs  acetic  acid  prepared  ?    What  are  the  properties  of  acetic  acid  f 
What  are  salts  of  yinegar  ?   What  is  said  of  vinegar  ?  What  are  acetates  ?  What  is  sugar 
of  lead  f    What  are  other  important  acetates  ?    What  is  said  of  methylic  alcohol  ? 
is  its  chemical  constitution  ?   What  is  formic  acid  f    What  is  its  composition  f 
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CtH,Oi-r  HO.    Formic  acid  alao  unites  witH  bases  to  form  salts,  wfaich  dosely 
resembles  the  acetates. 

HI,  Chloroform)  C|H  da. — This  substance,  which  ia  regarded  as  a 
terchloride  of  the  radical  formyle,  is  best  obtained  by  distillmg  alcohol,  or 
wood-spirit,  with  a  solution  of  chloride  of  lime  (bleaching  powder).  It  is  an 
oily,  colorless  Uquid,  of  ao  agreeable,  ethereal  odor,  and  of  a  sweetish  taste. 
An  alcoholic  solution  of  chloroform,  prepared,  bj  distilling  chloride  of  lime 
with  an  excess  of  alcohol,  is  known  in  medicine  by  the  incorrect  name  of 
ehhric  ether,  and  is  the  liquid  which  is  now  generally  sold  and  used  imdcr 
the  name  of  chloroform.  The  vapor  of  chloroform,  when  mhaled  with  atmos- 
pheric air,  produces  anasthetic  effects,  like  the  vapor  of  ether.  It  ia^  how- 
ever, much  more  potent  and  agreeable  than  ether,  and  has  to  a  considerable 
extent  replaced  the  latter  agent  in  surgical  practice.  Chloroform,  unless  pre- 
pared from  perfectly  pure  alcohol,  is  liable  to  contain  certain  foreign  and 
volatile  compounds,  which  exertr  a  most  deleterious  and  often  latal  effect  upon 
the  system  when  inhaled.  No  person,  therefore,  should  sell  or  use  chloroform 
which  is  not  known  to  have  been  properly  prepared.  Chloroform  is  with 
difficulty  kindled,  and  bums  with  a  greenisli  flame.* 

t42.  Amylic  Alcohol . — In  the  process  of  distilUng  whiskey  from  pota- 
toes, there  is  generated,  in  connection  with  the  crude  spirit,  a  volatile,  oOy  body, 
possessing  a  pungent,  disagreeable  odor.  This  substance,  the  complete  sep- 
aration of  which  from  the  crude  spirit  is  a  matter  of  difficulty,  appears  to  be 
analogous,  in  its  composition  and  chemical  reactions,  to  alcohol,  and  is  re- 
garded as  the  hydratcd  oxyd  of  a  radical,  termed  amyle, — the  hydrated  oxjd 
itself  being  called  amylic  alcohol,  or  more  generally,  fitsd  oil  (from  the  Ger- 
man yuM^aeQ,  or  oil  of  potato  spirits.*  Amylic  alcohol,  in  a  pure  state,  has  tho 
appearance  of  a  tliin,  colorless  oil ;  it  is  highly  volatile;  and  the  mhalation  of 
its  vapor,  in  even  a  minute  quantity,  is  attended  with  very  deleterious  effects; 
the  fatal  accidents  which  have  sometimes  resulted  from  the  use  of  chloroform 
being  generally  ascribed  to  its  admixture  with  this  compound.  It  exists  in 
almost  all  ordinary  alcohol  in  small  quantity,  and  is  the  occasion  of  the  per- 
sistent and  somewhat  faintly-disagreeable  odor  which  alcohol  leaves  upon  a 
sur&ce  after  evaporation. 

The  extraordinary  character  of  the  compounds  and  derivatives  of  amylic 
alcohol  (fusel  oil),  render  it  one  of  the  most  interesting  products  of  organic 

*  A  moit  efRcient  and  economical  apparatuB  for  disinfecting  apartments  and  purlfyliig 
the  air,  may  be  arranged  by  burning  cblorlc  ether  in  a  simple  camphene  lamp  provided 
with  one  wick.  In  dissecting-rooms,  in  cellars  where  Tegetables  hare  decayed,  or  where 
drains  allow  the  eiteape  of  offsnelTe  gases,  and  In  outbuildings,  no  more  effectiTc  and 
agreeable  method  of  purifying  the  air  can  be  resorted  to. 

*  Amyle  derives  its  etymology  fTom  the  Latin  omj/IfMn,  starch,  the  substance  bdng  a 
product  of  the  fermentation  of  starch. 

QuEBTioNB.— What  is  chloroform?  How  Is  it  prepared?  What  are  its  properties? 
What  is  the  so-called  chloric  ether?  When  is  chloroform  liable  to  be  ir\juriou8?  What 
Is  amylic  alcohol  ?  What  other  name  is  applied  to  it  ?  What  are  its  properties  ?  What 
is  a  characteristic  feature  of  this  substance  ? 
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diemistry — ^most  of  the  substances  into  which  its  constituents  enter  as  compon- 
ents being  characterized  by  very  singular  and  remarkable  odors.  For  example, 
when  amjHc  alcohol  is  warmed,  and  dropped  upon  platmum  black,  it  oxydizes 
and  forms  an  acid,  which  bears  the  same  relation  to  its  alcohol  that  acetic 
add  does  to  ordinary  alcohol  This  compound  possesses  in  an  intense,degreo 
the  odor  of  valerian,  and  is  believed,,  furthermore,  to  be  identical  with  the 
acid  which  imparts  to  the  root  of  the  plant  valerian  its  odor  and  medicinal 
properties:  it  has  hence  been  called  valerianic  add,  and  has  been  advantage- 
ously employed  in  medicine  in  place  of  the  natural  extract. 

By  distilling  amylic  alcohol,  under  proper  circumstances,  with  various 
acids,  we  obtain  odoriferous  compounds,  which,  during  tlie  last  few  years, 
have  become  &miliarly  known  as  "  fruit  extracts,"  or  "  essences,"  and  as 
"liquor  flavoring  materials."  Thus  amylic  alcohol,  distilled  with  solphuric 
acid  and  acetic  acid  (acetate  of  potash),  yields  an  oily  product  which  possesses 
most  perfectly  the  odor  of  the  **  Jargonelle"  pear ;  chromic  acid,  substituted  in 
the  place  of  acetic  acid,  gives  oil  of  apples;  while  other  acids  yield  products 
possessing  the  flavors  of  the  banana,  the  orange,  and  many  other  fruits.'  In 
the  same  manner,  the  flavoring  principles  which  characterize  spirituous  liquors 
may  be  obtained,  and  mdeed  are  now  manufactured  and  sold  extensively 
under  the  names  of  "(n7 of  cognac^^  "oi7  of  wine"  etc,  for  th©  febrication  of 
almost  any  kind  of  liquor  or  wine,  from  f  ure  aJcohoL*  Although  prepared 
fh)m  a  poisonous  basis  (fusel  oil),  these  extracts  do  not  appear  to  possess  any 
injurious  qualities,  when  used  in  moderate  quaDtities  as  flavoring  agents;  and 
the  position  has  even  been  taken  by  some  chemists  that  they  are  identical  in 
composition  with  the  perfumes  which  nature  carefully  elaborates  in  different 
fruits  and  plants.  In  addition  to  perfumes  the  most  agreeable,  however, 
odors  of  the  most  disgusting  and  nauseous  character  can  also  be  produced 
by  like  means,  as,  for  mstance,  the  odor  of  the  bed-bug,  squash-bug,  and  of 
many  disagreeable  plants  and  weeds.  The  basic  radical  employed  for  this 
purpose  is  not,  however,  in  all  instances  amyle,  as  the  same  properties  are 
characteristic  to  some  extent  of  a  number  of  analogous  radicals. 

743.  Sulphur  Alcaholsj  or  Mer  cap  tans. — By  various  indi- 
rect processes,  the  oxygen  of  wine,  methylic  and  amylic  alcohol,  may  be  re- 
placed by  sulphur,  their  other  constituents  remaining  unaltered,  and  in  this 
way  a  series  of  bodies  may  be  produced,  which  from  their  resemblance  in 


•  A  few  drops  of  oil  of  cognac,  added  to  a  glass  of  water  colored  with  burnt  sngar  (car- 
amel), will  oonyert  it,  so  far  as  appearance  and  odor  is  concerned,  Into  a  fair  article  of 
dark  brandy.  ManufMsturers,  in  fabricating  q^ritaoas  liquors  from  alcohol,  by  th» 
aid  of  these  flavoring  extracts,  find  it  nooeeaary  to  use  an  article  of  spirits  from  which 
•very  trfioe  of  fiisel  oil  has  been  previously  extracted,  as  this  substance,  in  a  separate 
state,  seems  to  destroy  flavoring  extracts  which  contain  its  elements  as  constituents.  This 
separation  of  fusel  oil  fi-om  alcohol  is  now  accomplidied  by  distilling  the  crude  spirit  in 
connection  with  .permanganate  of  potash. 


QuxffnoKB.— What  is  valerianic  add  ?  What  are  other  derivatives  of  this  body  ?  What 
are  the  so-called  sulphur  alcohols,  or  mercaptans  ? 
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oompositioii  to  alcohol,  have  been  called  sulphur  alcohols,  or  by  reaaou  of 
their  g^reat  affinity  for  mercury,  mercoptoiw  (inercurium  captans).  Thus  the 
composition  of  wine  alcohol  being  GiHcO*,  its  mercaptan  would  be  C4H«Sf. 
These  products  in  their  properties  doeely  resemble  the  oily  compounds  which 
impart  to  garlic^  the  onion,  and  other  plants  of  like  character  their  otTensive 
odora^  and  in  &ct  may  be  considered  as  artificial  oils  of  garlic.  The  mer- 
captan produced  from  methylic  alcohol  is  a  colorless  liquid,  with  a  most  of- 
fensive and  concentrated  odor  of  onions,  which  penetrates  and  obstinateljr 
adheres  to  every  substance  with  which  it  is  brought  in  contact. 

744.  If  we  replace  the  snlphur  existing  in  these  fetid  compounds  with  ar- 
cenic^  we  produce  new  volatile  substances  which  are  not  only  in&ufTcrable  in 
their  smell,  but  rank  among  the  most  deadly  poisons  known  to  chemistsL 

Such  a  compound  Is  kakodyle  (from  xaicoCf  evil,  and  vX^,  principle),  formed 
by  the  union  of  arsenic  with  the  radical  methyle,  and  which,  from  the  cir- 
cumstuioe  that  it  fulfils  in  composition  the  part  of  an  element  in  a  very  re- 
markable manner,  has  been  studied  by  chemists  with  great  minuteness.* 
United  with  cyanogen,  it  forms  cytmide  of  kakodyle,  a  compound  possessed 
of  most  deadly  qualities.  "  When  exposed  to  the  air  it  rises  in  the  form  of 
Taper,  whkdi  by  contact  with  moisture  is  instantly  decomposed,  its  arsenic 
uniting  with  oxygen  to  form  fumes  of  arsenious  acid,  while  the  cyanogen  by 
combination  with  hydrogen  forms'  prussic  acid ;  and  thus  at  the  same  in- 
stant the  air  is  impregnated  with  vapors  of  the  two  most  deadly  poiaons 
with  which  we  aro  acquainted."  The  evaporation  of  a  few  grains  of  cyanide 
of  kakodyle  in  the  atmosphere  of  a  room,  is  said  to  produce  almost  instan- 
taneous unconsciousness.  In  addition  to  these  substances,  many  other  com- 
pounds of  a  somewhat  similar  character  have  been  formed  and  described, 
and  it  has  sometimes  been  proposed  to  employ  them  as  ingredients  in  ex- 
plosive war  projectiles  (asphyxiating  bombs). 


CHAPTER   XX. 


VEGETABLE     ACIDS. 


T45.  Over  two  hundred  distinct  acid  compounds,  the  products 'of  the 
vegetable  kingdom,  have  been  isolated  and  described  by  chemists.  They  are 
all  composed  of  carbon,  hydrogen,  and  oxygen,  with  the  latter  element  gen- 
erally in  large  excess.    They  are  not,  however,  usually  found  in  plants  in  a 


*  A  recent  chemical  authority  has  deserihed  the  odor  of  this  compound  as  far  ezoeedlns 
la  offensiveness  the  fetor  exhaled  by  any  animal  or  yegetable. 

QirE0TiONS. — ^What  are  their  properties  f  By  replacing  sulphur  with  arsenie,  trhat  onm- 
pounds  are  formed  r  What  is  kakodyle  ?  What  are  its  properties?  What  is  said  of  the 
number  and  distribution  of  the  regetahle  acids? 
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als,  but  111  combination  with  TsrtouB  basea  derived  from  the  soil,  such 
Fig.  230.  aa  potash,  soda,  time,  etc     The  eaita     Fia.  231. 

thus  rormed  are  sometimes  neutral,  but  r 
B  frequently  acid  in  their  charac-  I 
tor,  and  consequently  impart  to  the  L 
ions  of  the  plant  containing  tbem  \ 
a  distinctly  add  taste  atid  reaction.  / 
When  the  salt  is  sparingly  solubte,  it  [ 
ofr«n  accumulates  in  the  cella  of  the  I  . 
plant  in  the  form  of  minato  crystals,  t 
'  whidi  are  readily  discernible  by  the  > 
microscope.  Fig.  230  represents  crys-  ( 
tala  of  llik  cliuTHcter  Ibund  in  Uie  onion,  and  Fig.  231  crystals  1 1 
of  oxalate  of  potash  occurring  in  the  rhubarb.  4 

Some  of  theae  acids  aie  very  widely  difTosed  in  the  vegetable  n 
hingdom,  but  tho  majority  occur  in  only  a  few  particular  plaots,  ' 
and  in  minute  quantjties.    The  most  important  of  tbem  only  require  spedal 

746.  Oxalic  Acid,  (^0,H0. — This  acid  is  found  abocdantly  in  many 
[dants  in  combination  with  potash  and  lime,  and  is  the  prindple  of  atjdity  in 
the  leaves  of  tlie  sorrel  and  the  rhubarb  (pie-p&uU).  It  is  also  a  constituent  uk 
certain  minerals.  For  practical  purposes  it  is  prepared  artiBcially  by  digeat- 
inS  sngar  with  strong  nitric  aciil ;  thus,  when  these  two  aabstances  are  gently 
heated  in  connection,  in  the  proportion  of  1  part  of  sugar  to  6  of  acid,  violent 
action  eosocs,  accompanied  with  a  disengagement  of  coinous  fumes  of  nitrous 
add ;  and  the  solution  remuaing  after  the  cessation  of  tiie  action,  Jbmishea, 
by  evaporation,  crystallized  oxalic  add.  Starch,  woody  fiber,  and  many  otbex 
organic  substanoea,  treated  in  the  same  matiner,  yield  the  same  product 

In  its  pure  state,  oxalic  acid  is  a  crystalline  solid,  not  unlike  Egeom  salts,  for 
which  it  ia  not  unfVoquently  mistaken.  It  poaseeaea,  however,  an  intensely 
sour  tast«  (which  Epsom  sails  does  not),  is  freely  soluble  in  water,  and  when 
tiken  internally,  is  highly  poisonous,  occasioning  death  in  a  few  hours.  The 
proper  ontidoto  for  it  is  the  administration  of  chalk  or  magnesia,  suspended  in 

Oxalic  add  ia  extensively  employed  in  calico-printing,  and  to  some  extent 
by  straw  and  Le^om  bonnet-makers,  tbr  the  purpose  of  cleansing  their 
wares.  It  is  also  used  in  chemical  analyda  aa  an  exceedingly  delicate  test 
fjr  the  presence  of  lime,  or  any  of  its  soluble  compounds.  The  salts  fbrmed 
by  oxalic  acid  are  termed  oxalaifS,  Binoxalate  of  potash,  which  is  otUm  ex- 
ti'acled  from  certain  species  of  sorrel,  is  sold  under  the  name  of  "salts  of  sor- 
rol,"  or  "essential  salts  of  lemons,"  for  the  purpose  of  discharging  Iron-rust,  or 
iuk-staina  Srom  linen.     lia  use  lor  this  purpose  depends  upon  the  lact,  that 

QoEBTioKfc— Wh«t  lisaldof  theoociuTenoeofoinUo  •cMf    HgirliUahtKlned  Ah  la- 
'    — itiralUpropertiear    Wtul  Ita  dbs>  f  Whst  ure  ita  olti  ailed  I 

or  orieiDODir    Qmruether  openUrola  remorlng  iDk-stilnir 
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oxjd  of  iron  (the  baac  coloring  matter  of  ink)  is  readily  ^able  in  oxalic  add, 
and  therefore  leaves  the  fiber  and  forms  an  oxalate  of  iron.  The  corrosiye 
powers  of  the  acid  are  not  sufficient  to  injure  the  fibers  of  the  linen,  if  it  be 
epoedilj  removed  bj  washing. 

747.  Tartaric  Acid,  r8H4  Ojoj  2  H  0 ,  in  combination  with  potash, 
exists  in  many  fruits,  and  is  especially  the  acid  principle  of  grapes.  When 
the  expressed  juice  of  the  grape  is  fermented,  as  in  the  manufacture  of  wine, 
the  tartaric  acid,  in  combination  with  potash,  forming  an  impure  tartrate  of 
potash,  gradually  separates  from  the  liquor,  and  deposites  itself  as  a  crust 
upon  the  interior  of  the  casks^  and  in  this  condition  is  known  in  commerce  as 
argaiSj  or  crude  tartar.  The  pure  acid  obtaiDed  from  this  source  is  a  white, 
crystallized  solid,  freely  soluble  in  water,  and  of  an  agreeable,  acid  taste. 

Tartaric  add  forms  with  potash  two  salts, — the  neutral  tartrate,  containing 
2  atoms  of  alkali  to  1  of  acid,  2K0,  OsUiOio ;  and  the  add,  or  bi-tartrate,  in 
which  an  atom  of  potash  is  replaced  by  an  atom  of  water,  thus,  KO,  HO,  Ci 
H4O10.  This  latter  salt  is  the  well-known  "  cream  of  tartar."  By  saturating 
a  solution  of  cream  of  tartar  with  soda,  a  double  tartrate  of  potash  and  soda 
is  formed,  which  is  extensively  used  in  medidne  as  a  mild  purgative,  under 
the  name  of  ^  Rocheile  salts,*^  or  "  powders."  Tartaric  add,  mechanically 
mixed  with  bi-carbonate  of  soda,  constitutes  the  so-called  "  soda  powders,"  or 
the  ingredients  of  the  prdinary  elTervesdng  draughts.  Tartaric  add  is  chiefly 
employed  in  dyeing. 

748.  Citric  Acid  is  the  principal  acid  which  imparts  sourness  to  the 
lemon,  orange,  and  the  cranberry ;  but  also  exists  in  many  other  fruits,  as  the 
currant,  gooseberry,  etc.  It  is  readily  obtained  from  the  juice  of  the  lime  and 
lemon  (dtron),  and  is  used  in  calico-printing,  in  medidne,  and  in  domestic 
economy,  as  a  flavoring  material  Citric  acid,  by  heating,  passes  into  aconitio 
add,  an  acid  which  occurs  native  in  the  plant  called  **  monk^s  hood." 

749.  M  a  U  c  Acid  was  first  obtained  from  the  juice  of  the  apple  (hence 
its  name  from  the  Latin  malum^  an  apple).  It  is  the  most  widely  difibsed  of 
all  the  vegetstble  acids,  and  is  the  cause  of  addity  in  most  unripe  fruits.  For 
practical  purposes  it  is  usually  obtained  from  the  berries  of  the  mountain-ash, 
though  it  exists  abundantly  in  the  stalks  of  the  rhubarb,  in  the  pear,  the 
cherry,  the  raspberry,  the  strawberry,  and  many  similar  fruits. 

760.  Taooic  Acid,  or  Tannin,  is  the  general  name  given  to  various 
substances  (probably  of  somewhat  different  composition),  which  are  exten- 
sively diffiised  in  plant<!,  and  which  are  characterised  by  a  well-known  puck- 
ering and  astringent  taste.  They  are  regarded  as  acids,  since  they  possess  an 
add  taste,  and  are  capable  of  uniting  with  bases  to  form  salts.  Tannic  add 
exists  in  almost  all  vegetables,  in  the  bark  and  leaves  of  trees,  and  in  the 
seeds  of  fruits.     It  is,  however,  most  abundant  in  the  bark  of  the  oak  and  the 


Qussnoira— What  is  said  of  tartaric  acid  ?  W)iat  are  argals  f  What  is  cream  of  tar- 
tar? What  are  Rocbelle  powders  ?  What  are  soda  powders  ?  What  is  said  of  citric  add  ? 
What  of  malic  add  f  What  is  tannin  or  tannic  add  ?  In  what  suhstanoeB  is  tannin  most 
abundant f 
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hemlock,  in  tlie  fruit  and  stems  of  the  sumach,  and  especially  in  nut-galls, 
which  are  excrescences  produced  upon  the  branches  and  leaves  of  certain  spe-* 
cies  of  oak,  by  the  puncture  of  insects.  Green  and  black  teas  contain  lix)m  8 
to  10  per  cent,  of  tannin,  whiot  imparts  to  them  their  strong,  astringent  qual- 
ities. Tannic  acid  is  freely  soluble  in  water,  and  is  readily  obtained  in  solu- 
tion, by  digesting  the  portions  of  the  plant  containing  it  in  water. 

151.  Leatlier . — ^The  most  remarkable  feature  of  tannic  add,  is  its  prop- 
erty of  uniting  and  forming  insoluble  compounds  with  albumen,  gluten,  ge)a- 
tin,  and  with  the  skin  and  tissues  of  animals  in  general  Such  compounds 
will  not  putrefy,  und  are  unchangeable  in  water.  This  principle  is  practically 
applied  in  the  manu&cture  of  leather,  which  is  effected  by  steeping  the  skins 
of  animals,  which  consist  chiefly  of  gelatin,  in  aqueous  infusions  of  barks 
containing  a  large  percentage  of  tannic  acid.*  Some  varieties  of  skins  may 
be  tanned  in  a  few  days,  or  even  hours;  but  for  the  production  of  the  best 
qualities  of  leather,  they  are  allowed  to  remain  in  contact  with  the  tan  liquor 
frotn  9  to  15  months,  and  often  for  a  period  of  years.    • 

152.  1 0  ki. — ^Wben  a  solution  of  tannin  is  brought  in  contact  with  salts 
of  the  sesquioxyd  of  iron,  it  yields  a  deep  bluish-black  precipitate — ^tho  per- 
tannate  of  iron— which  is  extensively  employed  for  dyeing  fabrics  of  a  black 
or  brown  color,  and  in  the  manufacture  of  inks.  Common  writing-ink  is 
formed  by  adding  to  a  clear  infusion  of  nut-galls  a  solution  of  protosulphate  of 
iron  (copperas).  To  prevent  the  precipitate  from  settlillg,  and  for  thickening 
the  fluid,  a  mucilage  of  gum-arabic  is  also  added.  Ink  thus  prepared  consists 
at  first  principally  of  the  tannate  of  the  protoxyd  of  iron,  and  is.  too  pale  for 
use ;  by  exposure  to  the  air,  however,  it  gradually  absorbs  oxygen,  and  is 
converted  into  the  tannate  of  the  sesquioxyd — ^tho  liquid,  at  the  same  time, 
deepening  in  color,  and  finally  becoming  black.  Mouldiness  jn  ink  may  be 
prevented  by  the  addition  of  a  small  quantity  of  the  oil  of  cloves,  creosote,  or 
corrosive  sublimate:  the  latter,  in  small  amount,  is  probably  more  efficient 
than  all  the  others;  but  it  should  be  remembered  that  it  is  a  deadly  poison. 
Fade4.  writings  can  be  restored  in  a  measure  by  washing  them  with  an  infu- 
sion of  gall&f 

*  Oak  bark  contains  from  6  to  6  per  cent  of  tannin ;  and  in  this,  as  well  as  in  all  other 
astringent  barks,  the  tannin  is  contained  solely  in  the  inner,  white  layers,  next  to  the  sap- 
wood,  or  alburnum.  From  4  to  6  pounds  of  oak-bark  are  required  for  the  production  of  1 
pound  of  leather.  Leather  tanned  with  oak-bark  is  considered  superior  to  that  made  from 
any  othtf  tanning  material,  but  the  process  is  slower.  Nut-galls  contain  more  tannic  acid 
than  any  other  substance,  the  quantity  yarying  from  30  to  40  per  cent.  Sumach  is  used  in 
the  manufacture  of  the  lighter  and  finer  kinds  of  leather.  Sicilian  sumach  contains  about 
16  per  cent  of  tannin,  and  that  grown  in  the  United  States  from  6  to  10  per  cent. 

t  The  cause  of  the  browning  and  fiiding  of  ordinary  inks,  results  chiefly  from  a  per< 
oxygenation  of  the  iron,  and  its  separation  f^ora  the  acid  combined  with  it  No  salt  of 
iron,  and  no  preparation  ot  Iron,  equals  the  common  sulphate  (that  is,  commercial  cop- 
peras) for  ink-making,  and  the  addition  of  any  persalt,  such  as  the  nitrate  or  chloride  of 

QUEsnons. — ^What  is  its  most  remarkable  property  ?  How  is  leather  proparnd  f  What 
is  the  reaction  of  tannin  with  sesquioxyd  of  iron  ?  How  is  iuk  proparea  Y  Why  does  ink 
grow  dark  by  exposure  to  the  air  ? 
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The  permanent  black  color  of  the  grain  side  of  the  leather  used  in  the 
manu&cture  of  boots  and  shoes  is  also  a  tannate  of  iron,  produced  by  wash- 
ing the  leather  when  in  a  moist  state  with  a  solution  of  the  acetate  of  the 
Besqui-oxyd  of  iron. 

753.  Gallic  Acid « — This  add  is  found  naturally  associated  with  tan- 
nin in  vegetable  tissues,  and  is  also  formed  from  tannic  acid  by  exposing 
a  solttticm  of  the  latter  for  some  time  to  the  action  of  the  air.  It  produces, 
like  tannin,  a  dark  precipitate  with  the  salts  of  the  aesqui-oxyd  of  fron,  but 
does  not  unite  with  gelatin  to  form  insolubb  compounds,  and  is  consequently 
of  no  value  for  the  manufacture  of  leather.  When  added  to  the  salts  cf 
Bilvor,  gold,  and  platinum  in  solution,  it  occasions  a  precipitation  of  the  metal 
in  a  state  of  minute  subdivisioa  The  most  successful  compounds  for  ct)lcr- 
ing  the  hair  are  founded  upon  this  principle — the  hair  being  wet  in  the  first 
instance  with  a  solution  of  gallic  add,  and  afterward  with  a  solution  of  a 
salt  of  silver  in  ammonia.  The  reduced  metal  imparts  to  the  hair  a  fine 
black  or  brown  color,  which  is  extremely  permanent 

In  addition  to  the  substances  mentioned  which  afford  tannin,  there  are 
several  others  which  afford  it  and  constitute  important  artides  of  commerce. 
Among  them  may  be  mentioned  the  following :  catechu,  cutch,  and  terra  japon- 
ica  are  the  dried  aqueous  extracts  of  a  spedes  of  acacia  growing  in  India ;  Idno 
is  a  product  of  like  character ;  divi-divi  is  the  pod  o.f  a  leguminous  shn^ 
a  native  of  South  America.  These  substances  will  be  found  mentioned  in 
almost  every  commerdal  price  current  The  best  gall  nuts  are  exported  firom 
Asia  Minor. 

In  addition  to  the  adds  which  are  secreted  by  living  vegetable  tissues,  a 
great  number  have  been  also  recognized  by  chemists  which  do  not  exist  natu- 
rally in  plants,  but  are  the  result  of  vegetable  decompositions  taking  place 
either  under  natural  or  artificial  conditions.  The  adds  included  in  the  sub- 
stance called  himvus^  and  many  of  the  products  resulting  from  the  action  of 
mineral  adds  upon  the  constituents  of  coal-tiir,  are  examples  of  this  nature. 


iron,  or  of  logirood,  impain  the  darability  of  the  Ink.  EzperimeDts  reoentlv  detailed  to  the 
Scottish  Society  of  Arts,  show  that  the  quaiity  and  darability  of  ink  is  greatly  increased, 
however,  by  the  addition  to  it  of  a  small  quantity  of  sulphate  of  indigo,  and  the  following 
receipt  was  given  as  affording  an  ink  that  was  superior  to  all  others  for  writing  pur- 
poses :  12  ounces  powdered  ant  galls,  8  ounces  sulphate  of  indigo,  8  ounces  of  copperas,  a 
few  doves,  and  4  to  6  ounces  of  gum  arable  per  gallon  of  ink.  Documents  written  with 
sted  pens  are  less  durable  than  those  written  with  quill  pens,  as  the  contact  of  iron  or 
steel  with  ink,  injures  it  to  a  greater  or  less  extent. 

QuBsnoKB ^How  is  a  black  color  given  to  leather  ?     What  is  said  of  galUe  add } 

What  are  its  characteristic  features  ?  What  products  are  commercially  important  on  ao- 
ooimt  of  their  taonia?     What  other  add  compounds  are  considered  in  this  connection  ? 
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ORGANIC     ALKALIES. 

754  The  terms  organic  alkalies^  vegetable  aVcaloids^  and  organic  hases^  are 
applied  to  a  pecaliar  class  of  organic  substances  which  resemble  in  certain 
of  their  properties  the  alkalies  of  inorganic  chenustry ;  that  is  to  say,  they 
neutralize  acids,  unite  with  them  to^form  salts,  and  in  most  instances,  when 
in  solution,  restore  the  blue  color  of  reddened  litmus.  They  all  contain  nitro- 
gen as  an  essential  constitueut,  and  are  exceedingly  complex  in  their  consti- 
tution. They  are  sparingly  soluble  in  water,  but  dissolve  freely  in  hot  alco- 
hol, from  whi(di  they  often  crystallize  on  cooling  in  a  very  beautiful  manner. 
The  taste  of  these  substances  in  solution  is  usually  intensely  bitter,  and  the 
majority  of  them  are  active  and  virulent  poisons;  when  given,  however, 
in  small  doses,  they  rank  among  the  most  powerful  medicines. 

Of  the  organic  alkaloids,  about  one  hundred  are  now  known  to  exist  in 
plants  as  natural  products,  always  in  combination  with  vegetable  acids.  They 
were  formerly  supposed  to  be  exclusively  the  result  of  vegetable  organiza- 
tion, but  within  a  comparatively  few  years  some  seventy  or  eighty  compounds 
of  a  similar  character  have  been  artificially  prepared  from  organic  products  by 
chemists.  These  last  are  termed  the  artificial  organic  aikaloidSj  and  do  not 
occur  in  nature.  The  true  vegetable  bases  have  not  yet  been  artificially  imi- 
tated. 

Most  of  the  vegetable  alkaloids  are  prepared  by  boiling  the  vegetable  mat- 
ter containing  them  in  water  acidulated  with  hydrochloric  acid,  when  the 
alkaloid  unites  with  the  add  to  form  a  soluble  salt,  and  enters  into  solution. 
From  this  it  is  precipitated  m  a  separate  state  by  the  addition  to  the  liquid 
of  a  stronger  base — i.  e.,  lime,  potash,  ammonia,  eta  The  plants  which  by 
treatment  furnish  alkaloids,  are  generally  characterized  by  possessing  poison- 
ous or  active  medicinal  qualities,  which  in  turn  are  supposed  to  be  due  to 
the  sdkaloids  contained  in  them«  The  foUowing  are  some  of  the  most  impor 
tant  of  the  alkaloids  extracted  from  vegetable  products. 

t55.  fli  0  r  p  h  i  a . — Morphine. — ^This  alkaloid  is  the  chief  active  principle 
of  opium,  which  is  the  dried  juice  of  certain  species  of  the  poppy.  It  exists 
in  opium  in  combination  with  meoonic  add,  and  the  best  qualities  of  opium 
contain  about  ten  per  cent  of  it  It  crystallizes  in  small,  colorless  prisms,  is 
devoid  of  smell,  and  possesses  a  bitter,  unpleasant  taste.  It  is  poweifully  nar- 
cotic and  poisonous,  and  is  an  invaluable  remedy  in  medicine,  in  small  doses, 
Cot  soothing  nervous  irritation  and  allaying  pain.    A  fhll  dose  of  pure  morphia 

QUESTIOWB.— What  are  the  organic  alkalies?  By  what  other  names  are  they  desig- 
nated f  What  are  the  general  properties  of  these  substances?  What  is  their  number? 
Are  any  of  them  prepared  artificially  ?  How  are  the  vegetable  alkaloids  obtained  ?  What 
are  eharaeteristics  of  the  plants  which  furnish  them?  What  is  morphia?  What  is 
opium  r    What  are  the  properties  of  morphia  ? 
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ibr  a  grown  man  is  one  eighth  of  a  grain ;  and  in  the  state  of  acetate  or  mnriate  of 
morphia  (in  which  condition  it  is  generailj  used  in  medicine)  one  fourth  of  a 
grain.  It  is  a  singular  drcumstanoe  that  this  substance,  which  is  so  poison- 
oos  to  man,  has  comparatively  little  effect  upon  animals,  even  when  adminis- 
tered in  large  doaea  The  composition  of  morpnia  is  represented  bj  the  formula, 
GiiHMN0b  +  2H0. 

Opium  also  contains,  in  addition  to  morphia^  eight  other  alkaloids,  the  prin- 
cipal of  which  are  ^rmed  narcoiiney  meoonine^  and  fhdxnnt.  Tbej  are  all  nai^ 
cotics  and  poisons^  and  exist  to  some  extent  in  laudanum,  which  is  an  alco- 
holic extract  of  the  active  principles  of  opium. 

756.  The  dried  juice  of  the  common  lettuce  plant  has  considerable  resem- 
blance to  opium,  and  contains  an  active  principle  (supposed  to  be  an  alkaloid), 
called  lactwdn.  It  is  this  substance  which  gives  to  lettuce,  when  freely  eaten 
as  a  salad,  its  narcotic  properties. 

757.  Q  a  i  D  i  n  e  and  Cinchonine  are  the  alkaloids  which  impart  to 
Peruvian  bark  its  medicinal  virtues.  Quinine  is  a  white,  ciystallized  sub- 
stance, of  an  intensely  bitter  taste.  It  is  one  of  the  most  valuable  and  reliable 
of  medicinal  agents,  and  is  generally  administered  in  the  form  of  a  sulphate. 

758.  Strychnia  and  B  r  u  c  i  a  are  extracted  from  a  variety  of  plants 
belonging  to  the  genus  stiychnos,  and  especially  from  the  berries  (ntix  vomica) 
of  a  small  tree  of  this  genus  growing  in  India.  These  alkaloids  are  remarkable 
for  being  the  most  powerful  of  all  vegetable  poisons — a  single  grain  of  the 
former  being  a  fatal  dose  for  an  adult  man ;  while  a  sixth  of  a  grain  has  proved 
fatal  to  a  dog  in  thirty  seconds.  Its  miluonce  seems  to  be  exerted  principally 
upon  the  nerves  and  spinal  marrow,  producing  violent  spasms,  which  increase 
in  frequency  and  severity  until  death.  The  celobrated  woorara  with  which 
the  natives  of  Guiana,  S.  A.,  poison,  the  tips  of  their  arrows,  and  the  poison 
of  the  celebrated  Upas  tree  of  the  island  of  Java^  are  varieties  of  strychniaa 

Pure  strychnia  crystallizes  in  small,  but  exceedingly  brilliant,  colorless 
crystals,  and  is  slightiy  soluble  in  water.  It  possesses  the  property  of  bitter- 
ness in  a  more  marked  degree,  probably,  than  any  other  substance,  and  its 
taste  can  be  distinctly  recognized  when  dissolved  in  600,000  times  its  weight 
of  water.  Vegetable  matters  containing  this  alkaloid  are  sometimes  employed 
for  imparting  bitterness  to  beer,  but  their  use  should  be  considered  criminal 

759.  Among  the  other  important  alkaloids  may  be  mentioned  NicoUnn^  the 
poisonous  principle  of  tobacco;  AconUinitj  ovAconiie^  extracted  fh>m  the  plant 
"monk's  hood;"  Gimictne,  prepared  fix>m  hemlock;  FerolrtiM,  from  the  plant 
hellebore ;  Hyoacyamiiie,  from  henbane ;  and  Scaanvne^  from  several  species 
of  the  genus  solanum,  and  from  the  white  sprouts  of  the  potato.  All  thesa 
are  most  virulent  poisons,  only  inferior  in  their  action  to  strychnia  and  brucia. 

QiTSBTioirft. — What  1b  its  composition  ?  What  is  laudanum  ?  Is  there  an  activo  prin- 
ciple in  the  lettuce  plant?  What  are  quinine  and  cinchonine?  From  what  sources  are 
sfaychnla  and  brucia  obtained  ?  For  what  are  these  alkaloids  remarkable  ?  What  is  said 
of  the  poisonous  Iniluence  of  strychnia  ?  What  are  varieties  of  this  poison?  What  are 
the  other  properties  of  strychnia  ?  What  are  some  of  the  other  alkaloids  remarkable  for 
their  poisonous  qualities? 
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Among  the  alkaloids  less  injurious  in  their  action  on  the  animal  economy,  aro 
EmeUne^  the  medicinal  agent  of  ipecac  (ipecacuanha)^  Piperine^  extracted 
from  ordinary  black  pepper ;  and  CaffeinA^  or  Tiieine^  the  enlivening'  principle 
in  coffee  and  tea. 

The  organic  alkaloids  are,  almost  without  exception,  precipitated  fW>m  their 
solutions,  by  tannic  acid,  in  the  form  of  insoluble  taunates,  and  consequently 
the  most  effidont  remedies  in  cases  of  poisoning  by  them,  are  liquids  contain- 
ing tannic  acid,  such  as  decoction  of  oak-bark,  tincture  of  gall-nuts,  concen- 
trated infusion  of  green  tea^  etc.,  etc 

The  detection  of  their  presence  in  the  animal  organism,  in  cases  of  death  by 
poisonings  is  extremely  difficult,  strychnia  excepted,  and  the  testimony  of  the 
most  experienced  chemists  ought  only  to  be  relied  on  in  such  cases.* 

760.  Vegetable  Extracts . — This  nam^  is  applied  to  a  very  large 
class  of  substances  extracted  from  plants,  which  do  not  possess  sufficiently 
marked  features,  in  a  chemical  point  of  view,  to  allow  of  their  incorporation 
with  any  of  the  more  well-defined  groups  of  organic  compounds.  Some  of 
them,  however,  possess  active  and  medicinal  properties^  as,  for  example,  the 
intensely  bitter  principle  of  wormwood,  aloes,  etc.,  the  purgative  principle  of 
tho  root  of  the  rhubarb,  and  tire  aromatic  bitter  of  the  hop,  sweet-flag,  etc. 
They  have  for  the  most  part  a  bitter  taste,  and  often  occur  crystallized;  and 
are  generally  regarded  as  mixtures  of  various  vegetable  products. 


CHAPTER    XXII. 

ORGANIC  COLORING  PRINCIPLES. 

7GI.  The  organic  coloring  matters,  with  the  exception  of  the  red  dye  ob- 
tained from  cochineal,  are  all  of  vegetable  origin.  They  do  not,  as  a  class,  possess 
many  chemical  characters  in  common,  -and  are  considered  under  one  general 
head,  by  reason  of  their  common  industrial  applications.  Many  of  the  most 
valuable  vegetable  coloring  agents  do  not  exist  naturally  in  plants,  but  aro 
formed  by  subjecting  certain  vegetable  products  to  specific  chemical  treat- 
ment. The  most  brilliant  and  splendid  of  the  vegetable  colors^*  as  those  of 
flowers,  for  example,  are  exceedingly  evanescent,  and  are  generally  destroyed 
by  any  treatment  employed  to  extract  them ;  they  also  exist  in  the  vegetable 

*  A  few  years  since  a  man  was  convicted  in  Albany,  N.Y.,  of  murder,  by  the  adminis- 
tration of  tinctnre  of  aconite,  apon  what  was  supposed  to  be  reliable  chemical  testimony, 
but  which  was  afterward  shown  to  be  so  utterly  unreliable,  that  the  means  adopted  for 
detecting  the  poison  must  have  completely  removed  it,  if  present,  from  the  matters 
tested. 

QiTESTiONS. — ^What  are  more  medicinal  than  poisonous?  What  are  antidotes  for  these 
poisons  ?  What  is  said  of  their  detection  in  the  system  ?  What  are  vegetable  extracts } 
What  examples  of  these  substances?  From  what  source  do  we  derive  organic  coloring 
agents  ?    What  is  said  of  them  ? 

20 
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tissue,  ill  very  minute  quantities.  Coloring  matters  extracted  from  thoso  parts 
of  the  plant  which  afe  removed  from  the  immediate  influence  of  the  lights  a3 
the  wood,  bark,  etc.,  are  much  more  permanent,  but  less  brilliant 

'762.  The  art  of  dyeing  consists  in  impregnating  cloths  and  other  textures 
with  coloring  substances,  in  such  a  maimer  that  the  acquired  colors  may  re- 
main permanent  under  the  common  exposure  to  which  the  articles  may  bo 
liable.  This  is  effected  by  producing  a  chemical  union  between  the  materials 
to  be  dyed  and  the  coloring  matter.  Different  fibrous  materials  present  very 
different  attractions  for  dye-stuffs,  and  absorb  coloring  matter  in  very  differ- 
ent proportions :  wool  appears  to  have  the  greatest  attraction ;  silk  comes 
next  to  it ;  then  cotton,  and,  lastly,  flax  and  hemp.  While  the  former,  there- 
fore, are  dyed  with  very  little  difficulty,  the  latter  can  only  be  made  to  pei> 
manently  combine  with  coloring  substances,  through  the  agency  of  indirect 
and  complicated  processea 

763.  AVL  coloring  substances  used  in  dyeing  are  divided  into  two  classes, 
viz.,  svbsiantive  and  adjective  colors.  A  substantive  color  is  one  that  imparts  its 
tint  directly  to  the  substance  to  be  dyed,  without  the  intervention  of  a  third 
substance.  An  adjvX!tive  color,  on  the  contrary,  is  one  that  requires  the  inter- 
vention of  a  third  substance,  that  possesses  tf  joint  attraction  for  the  coloring 
principle  and  for  the  substance  to  be  dyed. 

Most  of  the  substances  used  in  dyeing  belong  to  the  adjective  colors;  and 
if  we  except  indigo,  there  is  scarcely  a  dye-stuff  in  extensive  use  that  imparts 
its  own  color  directly ;  and  by  &r  the  greater  number  of  dyes  have  so  weak 
an  affinity  for  cotton  fabrics,  that  alone  they  communicate  no  color  sufficiently 
permanent  to  deserve  the  name  of  a  dye. 

The  intermediate  third  substance  which  is  used  to  effect  a  union  between 
the  dye  and  the  cloth,  is  called  a  mordant^  from  the  Latin  word  jnordeOj  to 
bite,  from  an  idea  the  old  dyers  had  that  these  substances  bit  or  opened  a 
passage  into  the  fibers  of  the  cloth,  and  allowed  the  color  to  penetrate.  The 
action  of  a  mordant  may  be  illustrated  by  the  method  of  procedure  followed 
in  dyeing  cottons  black,  by  an  extract  of  logwood.  An  aqueous  solution  of 
logwood  is  very  deeply  colored,  but  imparts  no  permanent  dye  to  cotton.  Ij^ 
however,  the  cotton  be  previously  impregnated  with  a  salt  of  oxyd  of  iron  (as 
copperas),  and  then  dipped  into  the  extract  of  logwood,  the  coloring  principle 
of  the  latter,  by  reason  of  its  great  affinity  for  oxyd  of  iron,  unites  with  it,  and 
the  two  are  precipitated  upon  the  fibers  of  the  cloth  in  the  form  of  a  black  pre- 
cipitate or  dye.  A  dye  thus  effected  is  usually  a  fast  color^  since  it  is 
formed  in  and  incorporated  with  the  whole  structure  of  the  fiber  itself  and  is 
not  merely  upon  its  surface ;  so  that  the  color  will  only  disappear  when  the 
texture  and  fiber  of  the  cloth  are  destroyed.    The  use  of  mordants,  further- 

QxmnoMft. — ^In  what  docs  the  art  of  dyeing  oonsiBt?  What  fibrous  substances  have  the 
greatest  attraction  for  dyes?  Into  what  two  classes  may  dyeing  principles  be  diyided? 
What  are  mibstantive  colors  ?  What  are  adjective  colors?  To  which  claaa  do  the  dyes  in 
ordinary  use  generally  belong?  What  is  the  derivation  of  the  word  mordant?  Explain 
the  use  of  mordants? 
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more,  adds  greatly  to  the  resources  of  the  dyer ;  because  a  single  coloring 
substance  will  impart  very  ditferent  colors  with  different  mordants:  thus,  an 
extract  of  logwood  will  dye  with  iron,  black ;  with  a  solution  of  tin,  violet ; 
and  with  other  mordants,  all  the  shades  of  color  included  between  a  yellowish- 
:white  and  a  violet,  a  lavender  and  a  purple,  or  a  slate-brown  and  a  black. 

764.  CaHco-Printing . — ^The  general  process  of  calico-printing  is  as 
follows:  The  cloth  is  first  prepared,  by  bleaching  and  other  treatment;  to  re- 
ceive the  colors.  The  pattern  is  then  stamped  or  printed  upon  it  from  plates 
or  rollers,  which  have  been  previously  covered  with  different  mordants,  in  the 
same  way  that  ink  is  applied  to  type&  The  cloth  is  then  passed  through  a 
solution  of  dye,  when  those  parts  which  have  been  printed  with  the  mordant 
seize  upon  and  retain  the  colors.  The  doth  is  aftiarward  washed,  when  all 
the  color  not  combined  with  mordant  disappears  from  its  surface,  and  the  pat- 
tern impressed  is  brought  out  with  distinctness. 

765.  The  most  important  coloring  matters  used  in  dyeing  are  as  follows: — 
Red    and    Violet    Coloring    Substances.  —  Madder  is  the 

ground-np  root  of  the  plant  rvbid  tindorum.  Its  most  beautiful  coloring  con- 
stituent {madder  redy  Turkey  red\  called  garancine,  is  not  a  natural  product, 
but  results  from  subjecting  the  root  to  the  action  of  sulphuric  add.  The  ac- 
tion of  the  add  in  this  instance  is  often  cited  as  an  example  of  catalysis,  as  it 
does  not  enter  into  combination  with  the  coloring  principle  of  the  root,  but 
effects  a  change  in  it,  apparently  by  its  mere  presence. 

Madder  is  used  to  a  greater  extent  in  dyeing  and  printing  cottons  than  any 
other  substance,  and  with  different  mordants  it  furnishes  very  bright  and 
durable  reds,  yellows,  violets,  and  browns.  The  other  important  coloring 
substances  of  this  dass  are  "Brazil  wood,"  "  safflower"  (the  flowers  of  the  red 
caf&on),  sandal- wood  ("  red-sanders"),  and  cochineal  The  last  is  a  dried 
insect,  the  cocus  cacti,  which  lives  upon  several  species  of  cactus,  peculiar  to 
warm  latitudes,  and  especially  to  Central  America.  It  yields  the  most  bril- 
liant scarlet  and  purple  colors.  • 

766.  Blue  Dyesy-Indig  o. — ^The  most  important  of  the  blue  dyes  is 
Indigo,  which  is  obtained  from  several  species  of  American  and  Asiatic  plants, 
particularly  from  those  belonging  to  the  genus  indigo/era.  The  juice  of  these 
).iants  is  colorless,  but  when  their  leaves  are  digested  in  water,  and  allowed 
to  ferment,  a  yellow  coloring  substance  is  dissolved  out,  which,  by  exposuro 
to  the  air,  gradually  becomes  blue,  and  is  deposited  from  the  solution  in  the 
form  of  a  thick  sediment.  This  washed  and  dried,  constitutes  the  indigo  of 
commerce. 

Commercial  indigo  is  far  flrom  pure,  and  in  addition  to  the  blue  coloring 
matter,  or  pure  indigo,  it  contains  at  least  one  half  its  weight  of  foreign  sub- 
stances.   Pure  indigo  is  quite  insoluble  in  every  liquid,  with  the  exception  of 

QuESTioxB. — ^How  do  they  increase  the  resources  of  the  dyer  f  What  is  the  process 
of  calico-printing?  What  is  madder?  What  Is  said  of  its  coloring  principles?  What  is 
cochineal?  What  colors  does  it  furnish?  What  other  dye-stuffs  ftimidi  red  colors? 
What  is  the  most  important  of  the  blue  dyes  ?    How  is  indigo  prepared  ? 
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faming  solphiiric  acid  (Nordhausen),  with  which  it  forms  a  compound  quite 
soluble  in  water,  called  sulphindigoUe  acid.  When  indigo  is  brought  in  oon- 
tact  with  water  and  dooxydizing  agents,  it  becomes  converted  into  a  soluble 
and  colorless  substance,  known  as  indigo  white,  which,  b}"-  exposure  to  the  air, 
again  absorbs  oxygen,  and  resumes  its  blue  color.  This  circumstance  is  taken 
advantage  of  in  dyeing;  thus,  the  indigo  is  mixed,  in  a  state  of  fine  powder, 
with  hydrate  of  lime  and  copperas,  and  the  whole  digested  in  water.  Under 
these  circumstances,  the  hydrated  protoxyd  of  iron,  resulting  from  the  action 
of  the  lime,  abstracts  oxygen  from  the  indigo,  and  reduces  it  to  a  state  of  a 
yellow  liquid  (white  indigo).  Cloths  steeped  in  this  liquid,  and  exposed  to  the 
air,  readily  acquire  a  deep  and  permanent  blue  tint,  by  the  formation  of  the 
blue,  insoluble  indigo  in  the  substance  of  the  fibers,  and  it  is  in  this  way  that 
the  fine  indigo-blue  colors  are  produced.  What  is  called  Saxon  Uue,  a  brighter 
color  than  ordinary  indigo,  is  imparted  by  boiling  the  fahiics  in  snlphindigotic 
add.  Among  other  prominent  blue  dyes,  may  be  mentioned  lUrrmSj  which  is 
obtained  fix)m  several  species  of  lichens,  by  treatment  with  ammonia — the 
plants  themselves  being  destitute  of  color.  Archil  and  cudbear  are  substances 
allied  to  litmus. 

7C7.  Yellow  Coloring  Substances. — ^The  most  valuable  dye- 
stufiii  of  this  class  biq  fustic^  the  rasped  wood  of  a  West  Indian  tree ;  querci- 
tron, obtained  from  the  bark  of  the  American  black  oak ;  the  berries  of  the 
buckthorn;  annotto,  prepared  from  the  pulp  of  certain  South  American 
seeds ;  and  tumeric,  the  root  of  an  East  Indian  plant 

768.  C  h  1 0  r  0  p  h  y  1 0  is  the  name  g.ven  to  the  green  coloring  matter  of 
the  leaves  and  stems  of  pfants.  It  exists  in  them  in  very  small  quantity,  and 
is  extracted  with  difficulty  in  a  state  of  purity.  It  appears  to  be  united  in 
the  vegetable  tissue  with  a  substance  resembling  wax,  and  is  insoluble  in 
water,  but  dissolves  in  alcohol  and  ether ;  hence  all  tinctures  in  pharmacy, 
prepared  from  the  fresh  stalks  and  leaves  of  plants,  possess  a  green  colcr. 
Chlorophyle  appears  only  in  thosa  parts  of  plants  whidi  are  exposed  to  the 
action  of  light ;  hence  this  agent  is  supposed  to  excrdse.an  important  and 
direct  influence  on  its  formation.  Plants  grown  in  the  dark  are  nearly  des- 
titute of  color,  but  when  removed  into  the  sunlight  become  rapidly  green. 
The  red  and  yellow  colors  which  leaves  assume  in  autumn,  are  supposed  to 
be  due  to  the  decomposition  and  oxyd'ation  of  the  chlorophyle,  and  the  for- 
mation of  an  add  compound;  but  the  information  we  possess  on  this  subject 
is  very  limited. 

Most  of  the  greens  used  in  dyeing  are  of  a  mineral  origin,  ».  6.,  the  salts 
of  chromium  and  of  copper. 

No  genuine  black  substantive  color  has  ever  been  obtained  from  plants. 

QTTEBTioMB.-<-What  Is  Said  of  the  aolubUity  of  indigo  ?  What  is  indigo  white  ?  How  is 
ft  employed  Jn  dyeing?  How  is  ''Saxon  blue"  imparted?  What  other  blue  dyes  are 
q^ed  ?  EnuiQerate  some  of  the  principal  yellow  dye-RtuflfH  ?  What  is  chlorophyle  ?  What 
are  its  solvents?  What  agent  influences  its  formation?  What  is  the  character  of  the 
greens  used  in  dyeing? 
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CHAPTEB    XXIII. 

OILS,     FATS,     AND     RESINS. 

'769.  ConnectioD  between  Oils  and  Fats. —The  oils  and 
the  MSj  whether  of  animal  or  vegetable  origin,  are  regarded  as  belonging  to 
the  same  general  class  of  organic  substances ;  and  with  the  exception  of  the 
volatile  oils,  they  are  all  closely  allied  to  each  other  in  their  chemical  properties, 
and  are  composed  of  the  same  elements,  viz.,  carbon,  hydrogen,  and  oxygen, 
united  in  various  proportions.  As  a  class,  they  are  all,  however,  character- 
istically poor  In  oxygen,  but  rich  in  hydrogen,  and  some  few  of  the  volatile 
oils  contain  no  oxygen.  The  distinction  between  a  fat  and  an  oil  is  founded 
merely  upon  the  circumstance,  that  the  former  is  solid  at  ordinary  temper- 
atures, while  the  latter  continues  more  or  less  liquid ;  an  oil,  tlierefore,  may 
be  called  a  liquid  fat,  or  a  fat  a  solid  oil. 

The  fiits  and  the  oils  are  all  highly  combustible,  and  bum  with  a  brilliant 
flame ;  they  are  insoluble  in  water ;  but  dissolve  with  more  or  less  readi- 
ness in  alcohol  or  ether,  and  when  brought  in  contact  with  paper  leave  a- 
greasy  mark,  and  render  the  paper  translucent.-  The  oily  substances  secreted 
by  plants,  are  principally  accumulated  in  the  seeds  and  coverings  of  the  fruit, 
although  no  portion  of  the  plant  is  entirely  destitute  of  them.  The  propor- 
tion existing  in  some  seeds  is  very  considerable.  Thus  flax-seed  contains 
about  20  per  cent  of  oil,  Indian  com  9  per  cent,  rape-seed  30  to  40  per  cent, 
while  the  seed  or  bean  which  furnishes  castor  oil  contains  as  much  as  60  per 
cent. 

'770.  Division  of  the  Oils  . — All  oily  substances  are  divided  into 
two  classes,  viz.,  the  fixed  and  volatile  oils ;  the  former  when  exposed  to  the 
air  do  not  diminish  in  bulk,  while  the  latter  under  the  same  circumstances, 
readily  evaporate. 

7T1.  V  0 1  a  t  i  1  e  Oils  . — ^The  volatile  oils  do  not  possess  the  greasy 
feel  of  the  fat  oils,  and  are  almost  always  characterized  by  a  strong  aromatic 
odor,  and  a  pungent  burning  taste.  Many  of  them,  also,  are  highly  poisonous. 
With  alcohol  they  form  solutions  called  "  essences"  and  from  this  circumstance 
the  oils  themselves  are  very  frequently  termed  "  essentiai,^*  They  also  dis- 
solve in  ether  and  acetic  acid,  and  mix  in  every  proportion  with  the  fixed  or 
fat  oils.  They  do  not,  however,  like  the  fet  oils,  form  soaps,  but  when  ex- 
posed to  the  air  they  are  frequently  changed  by  the  absorption  of  oxygen, 
and  converted  into  resins. 

These  oils  (with  the    exception  of  a  few  which  have  been  formed  ar- 

QuESTiONS.— What  is  said  of  the  class  of  oils  and  fats?  What  of  their  composition? 
What  constitutes  the  difference  between  an  oil  and  a  fat  ?  What  are  their  properties  ? 
What  is  said  of  the  distribution  of  the  regetahle  oils?  Into  what  two  classes  are  oily 
substances  divided?  What  are  the  chamcteristics  of  the  volatile  oils?  What  are  es- 
aences  ?    From  what  sources  are  the  volatile  oils  derived  ? 
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tiflciaUy)  are  almost  exclusively  the  products  of  the  vegetable  kingdom,  and  are 
generally  obtained  by  distilling  the  plant  with  water ;  in  some  instances^  how- 
ever,  they  are  extracted  from  the  cellular  tissue  containing  them  by  pressure, 
as  in  fresh  orange  or  lemon  peeL  The  boiling  points  of  almost  all  these  oils 
are  above  that  of  water,  but  their  vapors  are  carried  over  mechanically  in 
distillation  by  steam  at  212^  F.,  and  condense  with  it  in  the  reomver.  In 
this  way  are  obtained  the  oils  of  roses,  orange  flowers,  lemons,  lavender,  win- 
ter-green, peppermint,  and  many  others  which  in  smell  and  taste  more  or 
less  resemble  the  fresh  plants  from  which  they  are  derived.  The  greater 
portion  of  the  oil  floats  upon  the  surface  of  the  water  which  distils  over  with 
it,  but  the  latter  usually  retains  a  small  quantity  of  the  oil  in  solution,  and 
thus  acquires  its  peculiar  taste  and  odor.  Waters  thus  impregnated  are 
termed  "medicated,"  or  "perfumed  waters;"  rose-water,  lavender-water, 
peppermint- water,  etc.,  being  examples  of  this  character. 

The  various  perfumes  and  odors  which  plants  emit,  are  believed  to  be 
mainly  due  to  the  presence  of  some  one  or  more  of  the  volatile  oils  in  their 
structure,  which  gradually  evaporate,  and  diffuse  themselves  in  the  atmos- 
phera  The  quantity  of  oil,  however,  yielded  by  some  plants  which  possess  a 
marked  odor,  is  exceedingly  small — a  thousand  fresh  roses,  for  example,  af- 
fording by  distillation  less  than  two  grains  of  oil  (attar  of  roses).  In  some 
flowers,  as  the  jasmin,  the  violet,  and  the  tuber  rose,  the  oil  which  imparts 
fragrance  is,  moreover,  so  evanescent  and  delicate,  that  it  is  destroyed  by 
any  process  of  distillation,  and  in  such  cases  the  perfume  is  obtained  by  ar- 
ranging the  flowers  in  layers  between  cotton  imbued  with  some  fixed  oil; 
which  latter  gradually  absorbs  the  volatile  oil  or  perfume  of  the  flower,  and  in 
turn  imparts  it  to  alcohol — ^thus  forming  an  odoriferous  essence.  Patty  bodies 
perfumed  in  this  way  have  received  the  name  oC pomatums. 

The  volatile  oils  do  not  appear  to  be  uniformly  diffused  throughout  the 
whole  plant  In  the  mint  and  thyme  they  reside  principally  in  the  leaves  and 
stems ;  in  the  sandal  and  cedar  trees  they  are  in  the  wood ;  in  the  rose,  vio- 
let, etc.,  in  the  leaves  of  the  flower ;  in  the  vanilla,  anise,  and  carraway,  they 
are  in  the  seed ;  and  in  the  ginger  and  sassafras  in  the  root  Different  parts 
of  the  same  plant  not  unfrequently  furnish  different  oik ;  thus,  thq.  flowers 
of  the  orange- tree  furnish  one  kind,  the  leaves  another,  and  the  rind  of  the 
fruit  a  third. 

172.  Composition  of  the  Tolatile  Oils. — ^The  volatile  oils 
differ  materially  ftom  each  other  both  in  thcur  composition  and  chemical  re- 
actions, and  are  conveniently  divided  into  three  classes,  viz.,  those  composed 
of  carbon  and  hydrogen  only;  those  composed  of  carbon,  hydrogen,  and  ox}-- 
gen ;  and  those  which  contain  in  addition  sulphur  and  nitrogen.  Most  of 
them  contain  at  least  two  proximate  principles,  one  of  which,  termed  stearop- 

QuzsTioNB. — How  are  they  obtained  ?  What  are  medicated  waters  ?  What  is  supposed 
to  be  the  origin  of  the  odors  of  plants?  What  of  the  qaantltj  of  volatile  oils  yielded  by 
plants?  What  are  pomatums?  Are  the  yolatile  oils  uniformly  difldsed  throngboat 
plants  ?    Illustrate  this.    What  is  said  of  the  oompositioa  of  the  volatile  oils  t 
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tcMj  Is  less  fusible  than  the  other,  and  may  be  separated  by  cold  in  the  form 
of  a  camphor-like  substance.  The  more  liquid  constituent,  termed  daioptenej 
on  the  contrary,  may  be  often  obtained  in  a  separate  condition  by  distilla- 
tion at  a  low  temperature. 

773.  Oils  composed  of  Carbon  and  Hydrogen . — ^This 
class  embraces  a  large  number  of  the  odoriferous  essences  of  plants,  and  0ir* 
nishes  some  of  the  most  remarkable  examples  of  isomeric  bodies  known  in 
chemistry.  Thus,  the  oils  of  turpentine,  lemons,  oranges,  juniper,  copaiba, 
citron,  black  pepper,  and  many  others  which  possess  entirely  different  prop- 
erties, contain  exactly  the  same  constituents,  united  in  exactly  the  same 
proportions — 100  parts  of  each  by  weight  containing  88*24  of  carbon  and 
11*76  of  oxygen.  These  proportions  are  expressed  by  the  formula  0*^114,  or 
by  some  multiple  of  it,  as  2(C5ll4).  In  addition  to  their  identity  in  chemical 
composition,  these  substances  also  agree  as  regards  their  density  and  boiling 
points.  The  fact,  however,  that  the  internal  arrangement  of  their  molecules 
or  particles  is  different,  is  strikingly  shown  by  their  diverse  influence  on  a  ray 
of  polarized  light,  some  of  them  causing  it  to  diverge  to  the  right,  some  to 
the  lefl,  while  others  transmit  it  unaltered,  or  directly. 

774.  Oil  or  Spirits  of  Turpentine. — This  substance,  which 
may  be  regarded  as  the  type  or  representative  of  the  volatile  oils  containing 
only  carbon  and  hydrogen,  is  obtained  by  distilling  with  water  the  semi-fluid 
sap  or  pitch  called  in  commerce  crude  turpentine^  which  exudes  fk'om  incisions 
made  in  the  wood  of  various  species  of  pine.  The  product  left  after  distil- 
lation is  a  resinous  solid,  which  is  popularly  termed  rosin. 

Oil  of  turpentine  is  a'^hin,  colorless  liquid,  which  is  highly  inflammable, 
and  possesses  a  well-known  and  pewerPul  odor.  It  has  a  specific  gravity  of 
86,  and  boils  at  312°  F.  It  is  nearly  insoluble  in  water,  but  dissolves  fi*eely 
in  alcohol  or  ether. 

Camphenej  which  is  extensively  used  in  lamps  as  a  substitute  for  oil,  is 
spirits  of  turpentine  purified  by  repeated  distillations.  Burning  fluid  is  a  so- 
lution of  rectified  turpentine  or  camphene  in  alcohol — ^the  tendency  of  the 
turpentine  to  smoke  being  diminished  by  the  addition  of  alcohoL 

Camphene  and  burning  fluid,  although  highly  inflammable,  are  not  in  them- 
selves explosive ;  a  mixture,  however,  of  the  vapor  of  these  liquids  with  at- 
mospheric air  is  highly  explosive,  and  igniting  at  a  distance  at  the  approach 
of  the  slightest  spark  or  flame,  is  apt  to  communicate  fire  to  the  liquids  them- 
selves. Burning  fluid  being  much  more  volatile  than  camphene,  is  much  more 
dangerous,  and  its  use  as  an  illuminating  material  should  be  discountenanced 
and  forbidden.  The  explosive  character  of  the  mixture  of  its  vapor  and  air 
may  be  illustrated  without  danger  by  allowing  a  small  quantity  of  the  fluid 

QiTESTiONa. — ^What  Is  the  first  class  remarkable  for  ?  What  are  examples  of  this  fact  ? 
What  substance  is  regarded  as  the  type  of  this  class  ?  How  is  turpentine  obtained  ?  What 
is  the  residue  left  after  distillation  ?  What  are  the  properties  of  oil  of  turpentine?  What 
is  camphene  ?  What  i*  burning  fluid  *  Are  these  liquids  explosive  ?  Why  then  is  their 
employment  so  dangerous  ?  What  is  the  comparative  yolatility  of  the  two  ?  What  ex- 
periment iUastrates  the  explosive  character  of  the  mixed  vapor  of  buroing  floid  and  air  f 
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to  eyaporate  in  a  tin  can  or  vial|  and  then  applying  a  lighted  taper  to  tha 
mouth.  U,  however,  the  mouth  of  the  can  be  tightly  corked,  under  these 
ciicumataucea,  and  flame  be  apphed  through  a  minute  orifice  in  the  side,  an 
explosion  of  great  violence  is  occasioned.  As  a  matter  of  ordinary  precau- 
tion in  using  these  liquids^  no  attempt  should  ever  be  made  to  fill  or  replen- 
ish  lamps  that  are  lighted,  neither  should  any  vessel  containing  camphene 
or  burning  fluid  be  ever  opened  in  tlie  vicinity  of  a  flame. 

When  a  current  of  dry  hydrochloric  add  gas  is  passed  through  oQ  of  tur- 
pentine cooled  by  a  freezing  mixture,  a  white  solid  is  formed  which  resembles 
common  camphor  in  odor  and  appearance,  and  is  termed  artificial  campJior, 
It  is  from  this  circumstance,  probably,  that  the  term  camphene,  as  applied  to 
spirits  of  turpentine^  first  originated. 

Oil  of  turpentine  is  extensively  used  as  a  solvent  for  resins  in  the  manu' 
facture  of  varnish,  in  the  preparation  of  paints,  and  to  some  extent  in  medi' 
cine.  Many  substances,  also,  like  India  rubber,  etc.,  which  are  Insoluble  in 
alcohol,  readUy  dissolve  in  it 

The  other  more  important  oils  of  this  class  have  been  mentioned  al)bve 
as  isomeric  with  oil  of  turpentine. 

775.  EHseotlal  Oils  coDtainfng  Oxygen^ — ^The  principal 
oils  of  this  nature  are  the  oil  of  bitter  almonds,  of  cinnamon,  of  roses,  lavender, 
bergamot,  and  peppermint  In  this  class  the  proportions  of  the  several  con- 
stituents are  rarely  the  same  in  two  different  oilsL 

Common  ccemplwr^  prepared  by  distilling  the  wood  of  the  camphor-tree 
(found  principaUy  in  Borneo  and  Japan),  is  regarded  as  a  solid  oil,  or  vola- 
tile fat  of  this  class.  It  partakes  of  the  general  properties  of  the  volatile  oils, 
may  be  distilled  without  decomposition,  and  evaporates  in  the  air  at  ordinary 
temperaturesL  It  is  nearly  insoluble  in  water,  but  dissolves  fi'eely  in  alco- 
hol, forming  what  are  termed  camphorated  spirits.  On  addmg  water  to  this, 
nearly  all  the  camphor  is  thrown  down  in  a  minutely  divided  state.  Camphor 
taken  internally  in  other  than  very  small  doses,  acts  as  a  poison,  a  hundred 
grains  being  sufficient  to  cause  death.  "When  small  pieces  of  perfectly  clean 
camphor  are  allowed  to  fall  upon  the  surface  of  pure  water,  they  rotate  and 
move  about  with  great  rapidity,  sometimes  for  several  hours  together;  but 
if  while  the  camphor  is  rotating,  the  surface  of  the  water  be  touched  with 
any  greasy  substance  (a  glass  rod  dipped  in  turpentine  answers  best),  all 
the  floating  particles  quickly  dart  back,  and  are  instantly  deprived  of  all 
motion."  This  phenomenon  appears  to  be  due  to  the  contmued  escape  of 
vapor  firom  the  sur&oe  of  the  camphor. 

776.  EsReotial  Oils  containing  Snlphnr.— The  oils  ob- 
tain^ by  distillation  from  black  mustard-seed,  from  assafoetida,  onions^  hor8»- 


Qunnoirs. — What  preeaattons  Btaoald  always  be  observed  In  the  nee  of  these  liqiUds? 
What  is  the  reaction  between  turpentine  and  hydrochloric  acid  gas?  What  are  the  uses 
of  oil  of  turpentine  f  What  are  other  importait  oUs  of  this  class  ?  What  are  the  princi- 
pal essential  oils  of  the  second  class?  What  is  common  camphor?  What  are  its  proper- 
ties ?    What  are  examples  of  oils  of  the  third  class  ? 
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radish,  garKc,  and  hops,  belong  to  this  class.  Many  of  them  are  character- 
ized by  nauseous  and  offensive  odors,  which  at  the  same  time  are  remarkably 
persistent.  The  bad  smell  imparted  to  the  breath  by  eating  onions  or  garlic, 
for  example,  is  occasioned  by  the  continued  presence  of  a  minute  quantity 
of  the  volatile  oils  of  those  vegetables  in  the  air  exhaled  from  the  lungs. 

The  volatile  oils  which  are  produced  by  the  destructive  distillation  of 
vegetable  and  animal  substances,  are  as  a  class  called  empyreumaiic. 

The  essential  oils  are  mainly  used  in  the  preparation  of  essences,  perfbmes, 

and  cordials.    The  latter  are  generally  made  of  brandy,  flavored  witlf  various 

aromatic  oils,  and  afterward  sweetened.     In  the  preparation  of  perfumery,  a 

single  oil  or  essence  is  rarely  used  by  itself,  but  the  best  result  is  obtained  by 

a  skillful  mixture  of  the  odoriferous  principles  of  many  plants.  Eau  de  Cologriej 

called  the  perfection  of  perfumery,  owes  its  excellenca  to  the  application  of 

this  principle.* 

777.  Fats .— >F  i  x  e  d  Oils  .—The  fixed  oils  are  mostly  destitute  of  cither 

taste  or  smell ;  but  the  presence  of  certain  volatile  acids  imparts  odors  to  somd 
of  them:  thus,  butter  contams  biUyric  acid;  goat's  &t,  an  odorous  acid  called 
kyrcic  acid;  while  the  nauseous  smell  of  whale  oil  is  due  to  tlie  presence  of 
an  aold  called  pJiocenic  acid.  They  do  not  evaporate  in  the  air,  are  decom- 
posed by  the  action  of  heat,  and  are  unctuous  and  greasy  in  their  feeling. 
They  dissolve  readily  in  ether  and  in  the  essential  oils,  but  are  not  soluble  to 
any  great  extent  in  alcohol,  and  are  entirely  insoluble  in  water.  All  the  oils 
have  an  attraction  for  oxygen,  and  when  exppsed  to  light  and  aii^  absorb  it 
rapidly,  and  give  out  carbonic  acid  and  hydrogen ;  this  action  may  be  suffi- 
ciently energetic  to  produce  ignition  (spontaneous  combustion),  especially 
when  the  oil  is  distributed  over  porous  substances,  tow,  cotton,  etc. 


*  '*  Odors  resCTible  very  much  the  notes  vf  a  musical  instrument  Some  blend  easily 
«nd  naturally  with  each  other,  and  produce  a  harmonious  impression,  as  it  were,  on  the 
sense  of  smell.  Heliotrope,  vanilla,  orange-blossoms,  and  the  almond  blend  together  in 
this  way,  and  produce  different  degrees  of  nearly  similar  effect.  The  same  is  the  case 
with  dtron,  lemon,  vervain,  and  orange-peel,  only  these  produce  a  stronger  impression,  or 
belong,  so  to  speak,  to  a  higher  octave  of  smells.  And  again,  patchouly,  sandal-wood, 
and  vitivert  form  a  third  class.  It  requires,  cf  course,  a  nice  or  well-trained  sense  of 
smell  to  perceive  this  harmony  of  odors,  and  to  detect  the  presence  of  a  discordant  note. 
But  it  is  by  the  skillful  admixture,  ia  kind  and  quantity,  of  odors  producing  a  similar  im- 
pression, that  the  most  delicate  and  unchangeable  fragrances  are  manufactured.  When 
perfumes  which  strike  the  same  key  of  the  olfactory  nerve,  are  mixed  together  for  hand- 
kerchief use,  no  idea  of  a  different  scent  is  awakened  as  the  odor  dies  away ;  but  when 
.  they  arc  not  mixed  upon  this  principle,  perfumes  are  often  spoken  of  as  becoming  gicMij 
and  faints  after  they  have  been  a  short  time  in  use.  A  change  of  odor  of  this  kind  is 
never  perceived  in  genuine  eau  de  Cologne.  Oil  of  lemons,  juniper,  and  rosemary  are 
among  those  which  are  mixed  and  blended  tc^ether  in  this  perfume.  None  of  them  can, 
however,  be  separately  distinguished  by  the  ordinary  sense  of  smell ;  but  if  a  few  drops 
of  ammonia  be  added  to  their  solution,  the  lemon  smell  usually  becomes  very  distinct** 

QlTBSnoNB.— What  are  their  peculiarities  ?  What  are  empyrenmatie  oils  ?  For  what 
purposes  are  the  essential  oils  chiefly  used?  What  are  cordials?  In  what  does  the  per- 
fection of  perfiimery  consist?  What  are'  the  properties  of  the  fats  and  fixed  oils?  To 
what  are  their  odoro  owing  ?    What  is  said  of  their  attraetion  for  oxygen  t 
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778.  The  fixed  oils,  according  to  the  changes  which  they  undergo  through  ths 
absorption  of  oxygen,  are  divided  into  two  classes,  viz^  the  drying  or  stccaUoe 
nila,  and  the  unciuoua  or  greasy  oils;  or  those  which  become  hard  and  reanoos 
by  exposure  to  the  air,  and  those  which  remain  soft  and  sticky  under  the 
same  circumstancea 

779.  Drying  Oils. — Linseed  Oil,  or  the  oil  obtained  by  expres- 
sion fix>m  the  seeds  of  the  flax  plant,  is  a  representative  of  this  class;  and  is 
the  oil  generally  used  for  mixing  with  paints,  and  in  the  manu&cture  of  var- 
nishes. Its  drymg  properties,  which  especially  recommend  it  to  the  painter's 
use,  are  greatly  increased  by  boiling  it  for  some  time,  with  the  addition  of  a 
little  Ulharge  (protoxyd  of  lead).  As  thus  prepared,  it  is  known  as  "  boiled 
oUy^^  or  Unseed^il  vamisK  Oiled  etlk  is  silk  to  which  successive  coats  of  puri- 
fied linseed  oil  have  been  applied.  CRaxier'a  puUy  is  prepared  by  kneading 
together  boiled  linseed  oil  and  pulverized  chalk  (whiting). 

The  other  principal  drying  oils  are  those  extracted  from  rape-seed,  poppy- 
seed,  the  seed  of  the  castor^oil  plant,  and  from  walnuts. 

Printer's  Ink  is  prepared  by  igniting  linseed  oil  in  suitable  vessels, 
and  allowing  it  to  burn  until  it  becomes  thoroughly  charred,  and  acquires  a 
viscid  consistency ;  it  is  then  mixed  with  a  certain  proportion  of  the  finest 
varieties  of  lamp-black. 

780.  Unctoous  Oils . — ^This  class  includes  the  oils  expressed  from  the 
fruit  of  the  olive  and  the  palm,  and  most  of  the  oils  and  fats  of  animal  origin. 
These  oils,  by  exposure  to  the  idr,  are  liable  to  become  sour  and  randd,  but 
they  do  not  solidify. 

781.  Composition  of  the  Fats'and  Fixed  Oils. — Most&ts 
and  fixed-  oils,  vegetable  and  animal,  are  mixtures  of  two,  and  generally 
three,  distinct  compounds,  each  of  which,  taken  singly,  has  all  the  properties 
of  a  fat  or  an  oil  The  first  of  these  substances,  called  stearirie  (from  oHap^ 
tallow),  is  solid  at  common  temperatures ;  the  second,  ohine  (from  kXaioi^^  oil), 
is  liquid  at  common  temperatures;  the  third,  called  fnar^anTte  (from /mpT^opo)', 
a  pearlX  on  account  of  its  pearly  appearance,  is  also  a  solid  at  commcn  tem- 
peratures. All  the  fiits  and  fixed  oils,  therefore,  may  be  regarded  as  mixtures 
of  the  fiuid  dkvne  with  the  solids  stearine  or  margarine.  If  the  solid  be  in 
larger  proportion  than  the  fluid,  then  the  compound  at  ordinary  temperatures 
is  a  solid,  and  resembl^  tallow  or  lard;  if,  on  the  contrary,  the  fiuid  consti- 
tuent prevails,  the  compound  has  the  characters  of  an  oil.  For  example, 
when  olive  oil  is  subjected  to  a  cold  of  40°  F.,  it  deposits  a  solid  fet,  mar^ 
garint,  which  may  be  separated  by  filtration  and  pressure ;  the  largest  por- 
tion of  the  oil,  however,  consisting  of  oleine,  retains  its  fiuidity  at  a  much 
lower  temperature.    Again,  by  subjecting  mutton  tallow  to  pressure,  a  per- 

QuEsnoiTB.— Into  what  tiro  classes  are  the  fixed  oils  divided  ?  What  are  drying  o*lsf 
What  are  unetnous  oils?  What  is  a  type  of  the  drying  oils  ?  What  is  Unseed  oil?  For 
what  is  it  principally  used  1  What  is  hoiled  oil  ?  What  is  oiled  silk  J  What  is  pntty  ? 
What  are  the  other  principal  drying  oils  ?  What  is  printers*  ink  J  What  are  included  in 
the  class  of  anctnoos  oils  ?  What  is  the  composition  of  the  fixed  oils  f  When  wUl  a  fatty 
body  have  the  characters  of  a  s<dld,  and  when  of  a  liqoid  t 
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manently  fluid  oil,  ofeiTW,  is  extracted,  while  the  solid  which  remains  has-  its 
melting  point  raised,  and  is  much  liardcr  than  the  original  tallow ;  it  consists 
of  stearine  and  margarine,  the  latter  of  which  melts  at  a  much  lower  tempera- 
ture than  the.former. 

Stearine,  margarine,  and  oleine  are,  however,  susceptible  of  further  analy- 
sis. They  are,  in  fact,  true  salts,  composed  of  an  organic  or  fat  acid,  united 
to  a  base ;  the  acid  being  peculiar  to  each  fatty  principle,  while  the  base  with 
which  it  is  naturally  united,  is  almost  always  the  same.  The  name  given  to 
this  base  is  glycerine,  and  it  is  regarded  as  the  hydrated  oxyd  of  a  radical, 
glyceryk.  In  stearine  the  existing  acid  is  caXled  stearic  acid ;  in  margarine, 
margaric  acidf  and  in  oleine,  oleic  acid,  Stearine  is  accordingly  the  stearato 
of  the  oxyd  of  glyceryle,  and  margarine  and  oleine  the  margarates  and  oleatcs 
of  the  oxyd  of  glyceryle.  Olive  oil  also  muft  be  described  as  a  mixture  of 
much  oleate  of  the  oxyd  of  glyceryle,  and  a  little  margarato  of  the  same  base. 

It  may  seem  singular  to  the  student  that  bodies  of  an  acid  character  should 
exist  in  fats  and  oils.  Such,  however,  is  the .  case,  and  they  exhibit  acid 
properties  in  marked  degree,  such  as  reddening  litmus  paper,  neutralizing 
alkalies,  and  uniting  with  bases  to  form  salts. 

782.  Soaps . — ^Wlien  fixed  fatty  or  oily  bodies  are  brought  in  contact 
with  alkaline  solutions  at  high  temperatures,  they  undergo  a  change  called 
saponification ;  that  is  to  say,  the  strong  alkaluie  bases  (potash  or  soda)  dis- 
place the  weak  base  glycerine,  and  unite  with  the  acids  existing  in  the  fats  or 
oils  to  form  a  homogeneous  mass,  called  soap.  Soaps,  therefore,  are  true  salts, 
combinations  of  stearic,  margaric,  or  oleic  acid,  with  an  alkaline  base. 

Soaps  are  of  two  kinds,  hard  and  soft.  The  former  are  made  with  soda 
alone,  or  a  mixture  of  potash  and  soda,  while  the  latter  are  made  exclusively 
with  potash.  Soaps  made  with  potash  are  soft,  mainly  by  reason  of  the  deli- 
quescent character  of  the  potash,  which  is  unable  to  harden  in  the  presence 
of  any  considerable  quantity  of  water.  A  soda  soap,  on  the  contrary,  may  be 
made  to  absorb  more  than  its  own  weight  of  water  without  becoming  fluid. 
Besides,  in  a  potash  soap,  the  glycerine,  which  before  saponification  was  com- 
bined with  the  fat  acids,  remains  mechanically  mixed  with  the  soap,  and  pro- 
motes its  fluidity.  In  the  manufacture  of  soda  soaps,  the  soap  is  obtained 
in  a  nearly  pure  state  by  the  addition  of  common  salt  to  the  watery  solution 
in  which  the  soap  is  suspended.  Soap  not  being  soluble  in  salt  water,  im- 
mediately separates  from  the  water  and  the  glycerine  contained  in  it,  and 
floats  upon  the  surface,  and  in  this  condition  may  be  removed,  while  the 
spent  lye,  glycerine,  and  salt  are  allowed  to  run  to  waste.  When  this  treat- 
ment is  applied  to  a  potash  soap,  another  change  is  occasioned  which  is 
purely  chemicaL  The  salts  which  the  fetty  acids  form  with  potash  are  de- 
composed by  chloride  of  sodium,  and  a  mutual  interchange  of  acids  takes 

QUK8TI0N8. — ^What  is  the  constitation  of  stearine,  margarine,  and  oleine  ?  What  is 
glycerine  ?  Wliat  are  stearic,  margaric,  and  oleic  acids  ?  What  is  understood  by  sapou' 
ideation  ?  What  is  a  soap  ?  When  are  soaps  hard  or  soft  ?  Why  are  potash  soaps  soft  ? 
How  are  soda  soaps  made  hard  ?  What  is  the  chemical  composition  of  hard  and  soft  soapsf 
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place ;  and  hence,  when  a  potash  soap  is  mixed  with  a  solution  of  comznoii 
salt,  both  the  soap  and  the  chloride  of  Sodium  are  decomposed,  and  a  soda  soap^ 
and  chloride  of  potassium  are  formed. 

Hard  soaps  aro  generally  made  of  tallow,  and  are  mainly  mixtures  of  stear- 
ate  and  margarato  of  soda ;  soil  soaps  arc,  on  the  other  hand,  usually  made  of 
oils,  soft  fat-',  and  are  mainly  oleates  of  potash,  with  glycerine  mechanically 
mixed  with  •them.  Coiiile  soap  is  manufactured  of  olive  oil  and  soda,  its 
mottled  appearance  being  produced  by  the  addition  of  oxyd  of  iron.  Bcsins 
form  with  the  alkalies,  salts,  which  possess  characters  allied  to  thoso  of  the 
Foaps,  and  in  the  manufacture  of  common  soaps,  a  quantity  of  resin  (rosin) 
id  mixed,  on  the  ground  of  economy,  with  the  fats.  Such  soaps  have  a  yel- 
lowish appearance,  and  are  known  as  yellow  soapa 

Soaps,  by  reason  of  their  strong  attraction  for  water,  alwaj^  retain  a  con- 
siderable  quantity  of  it  in  their  composition ;  the  proportion  in  the  best  hard 
soaps  varying  from  25  to  30  per  cent.  It  is  possible,  however,  to  prepare  a 
solid  soap  containing  more  than  its  own  weiglit  of  water.  Such  soaps  look 
well  when  fresh,  but  contract  g^atly  on  drying.  Dealers  generally  store 
their  soap  in  cellars  and  damp  places,  since  it  is  for  their  interest  to  sell  as 
large  a  proportion  of  combined  water  as  possible. 

Soap  is  freely  soluble  in  pure  water,  but  in  salt  water,  and  all  other  saline 
BolutioDS,  it  is  insoluble;  soap  made  from  tho  oil  extracted  from  the  cocoa-nut, 
is,  however,  an  exception  to  tliis  rule,  as  it  dissolves  freely  in  strong  brine, 
and  is  hence  much  used  as  marine  soap.  When  a  solution  of  a  soap  having 
an  alk'aliuo  base  is  mixed  with  a  salt  of  any  other  base,  double  decomposition 
ensues,  and  an  insoluble  compound  of  the  &tty  acids  with  the  earthy  or  me- 
tallic bases  is  precipitated.  The  salts  of  lime  and  magnesia  contained  in  nat- 
ural waters  act  in  this  manner,  and  their  presence  in  a  water  renders  it  hard 
and  unfit  for  washing.*  The  slimy  scum  which  is  formed  by  tho  addition  of 
sonp  to  such  water,  is  a  compound  pf  the  fatty  acids  with  lime  or  magnesia. 
Tho  strong  acids  decompose  both  soap  and  fats,  uniting  to  their  bases,  and 
setting  free  the  fatty  acids. 

Ammonia  acts  far  more  feebly  upon  fatty  bodies  than  either  potash  or  soda, 

783.  Cleansing  Properties  of  SoapM . — The  detergent,  or 
cleansing  action  of  soap  depends  entirely  upon  its  alkaline  constituents. 
The  impurities  upon  the  skin,  or  on  articles  of  clothing,  always  contain  a 
certain  proportion  of  oily  matter,  which  exuding  from  the  pores  of  the  sys- 

*  The  hardness  of  a  water  may  be  easily  tested  by  adding  to  it  a  few  drops  of  a  solatlon 
of  soap  in  alcohol  (tincture  of  soap).  If  the  water  remains  clear,  it  is  perfectly  soft ;  if  it 
becomes  cloudy,  it  may  be  regarded  as  hard — the  degree  of  hardness  being  proportioned 
to  the  degree  of  cloudiness  occasioned. 

Qttsstionb. — ^What  is  said  of  the  use  of  resin  in  the  manufacture  of  soaps  ?  What 
percentage  of  water  is  contained  In  soap?  Why  will  not  soaps  wash  in  salt  water? 
When  a  solution  of  an  alkaline  soap  is  brought  in  contact  with  an  earthy  or  metallic  base, 
what  happens  •  Why  will  not  soaps  wash  in  hard  water  ?  What  eflfect  hare  acids  upon 
soaps  and  fats?  What  is  the  action  of  ammonia?  To  what  are  the  cleansing  properties 
of  soaps  due  ? 
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tern,  and  existing  in  the  perspiration,  acts  as  a  cementing  agent  with  what- 
ever dust  or  dirt  is  brought  in  contact  with  it  Water  alone,  by  reason  of 
its  total  want  of  affinity  for  all  ^tty  or  oily  substances,  is  unable  to  dissolve 
these  impurities,  and  effect  their  removal.  An  alkali,  on  the  contrary,  readily 
unites  with  the  greasy  and  organic  matter,  and  renders  it  soluble. 

When  a  soap  is  dissolved  in  water,  a  portion  of  its  alkah  is  set  free  (by 
the  substitution  of  water  as  a  base),  and  uniting  with  the  impurities  intended 
to  be  removed,  partially  saponifies  them,  and  renders  them  soluble  or  mis- 
cible  with  water.  The  fatty  acids  also,  by  their  lubricity,  cause  the  dissolved 
matter  to  wash  away  more  easily.  An  alkali  used  alone  would  act  more 
powerfully  than  any  soap  as  a  detergent,  but  it  would  tend  to  destroy  the 
tcxture^of  the  organic  substance  to  which  it  was  applied,  and  also  to  remove 
the  colors  of  dyed  fabrics.  When  used  in  the  form  of  soap,  its  solvent  powers 
are  partially  neutralized.  In  washing  the  surface  of  the  body  with  soap,  its 
alkaline  constituent  not  only  effects  the  removal  of  the  dirt,  but  also  dissolves 
off  the  cuticle,  or  outer  layer  of  the  skin  itself  which  being  mainly  composed 
of  albumen,  is  soluble  in  alkaline  solutions ;  and  thus  every  washing  of  the 
skin  leaves  a  new  and  sensitive  surface. 

What  are  called  washing  fluida  are  merely  solutions  of  the  caustic  alkalies. 
They  facilitate  washing  simply  by  providing  an  excess  of  alkali.  When  the 
water  employed  in  washing  is  somewhat  hard,  their  use  in  moderate  quan- 
tity may  be  recommended,  as  they  precipitate  the  earthy  salts  present  in  the 
water,  and  render  it  soft.  An  excess  of  free  alkali,  however,  in  washing 
always  tends  to  injure  fibers  and  occasion  them  to  shrink.  Camphene  (recti- 
fied spirits  of  turpentine)  is  also  employed  to  some  extent  in  washing ;  it 
acts  as  a  solvent  for  ^ease,  and  its  use  is  in  no  way  injurious  to  fabrics. 

.784.  Stearic  Acid  is  a  milk-white  solid,  modorous,  tasteless,  and 
highly  crystalline.  Mixed  with  some  marganc  acid,  it  is  extensively  used 
for  the  manufaeture  of  candles,  which  are  sold  under  the  name  of  siearine^ 
or  adamantljie  candles.  It  Ls  obtained  for  this  purpose  mainly  fiom  tallow 
and  lard,  by  heating  them  by  steam  in  vats  with  a  mixture  of  lime  and  water. 
Under  these  circumstances  an  insoluble  lime  soap  is  formed,  while  the  gly- 
cerine remains  dissolved  in  the  water.  This  soap  is  then  healed  separately 
with  dilute  sulphuric  acid,  which  unites  with  the  lime  to  form  an  insoluble 
sulphate,  and  leaves  the  fat  acids  in  a  separate  state  floating  upon  the  sur- 
face of  the  liquid.  These,  when  cold,  are  submitted  to  pressure,  by  which 
the  oleic  acid  is  removed,  and  the  stearic  and  margaric  acids  left  in  a  nearly 
pur©  condition.  Stearic  acid  melts  at  a  temperature  of  158®  F.  Marganc 
acid  closely  resembles  stearic  acid,  but  is  more  fusible,  melting  at  a  tempe- 
rature of  about  140°  F.  Lard  oily  extracted  from  lard  by  pressure,  is  nearly 
pure  oleine. 

Questions.— Why  will  not  pure  water  answer  as  a  detergent  ?  How  does  a  soap  act  in 
removing  dirt  ?  Why  do  we  not  use  alkalies  alone  as  detergents  ?  What  are  washing 
fluids  f  What  is  their  use  ?  What  is  the  appearance  of  stearic  acid  ?  What  are  stearino 
candles?  How  is  stearic  acid  prepared?  What  is  said  of  margaric  acid  ?  What  is  an 
example  of  nearly  pure  oleine  ? 
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We  apply  the  term  lard  to  those  animal  fata  which  at  commoa  tempera- 
tures have  a  soft  and  mictuous  consistency,  and  iaiU^  to  those  which  rema'ji 
hard ;  the  only  difference  between  the  two  is  in  the  proportion  of  the  constitu- 
ent, oleine,  which  is  greater  in  lard  than  in  tallow.  Tha  fats  of  carnivorous  ani- 
mals and  of  birds  are  soft  (lard),  while  that  of  ruminating  animals  is  hard 
(tallow).  Fish,  or  train  oil,  is  obtained  from  the  blubber  of  whales,  seals, 
and  various  fishes.  Spermaceti  is  a  peculiar  fat  found  in  cavities  of  the  head 
of  the  sperm  whale.  It  differs  from  other  animal  fats,  inasmuch  as  it  does 
not  contain  glycerine^  but  another  basic  substance  termed  etfudj  while  the 
tax  acid  combined  with  it  is  called  ethalic  acid. 

(Xive  oUf  or  the  sweet  oil  of  commerce,  is  obtained  by  pressure  firom  the 
fruit  of  the  olive-tree.  It  is  composed  chiefly  of  oleine  and  a  liitle  marga- 
rine. Falm  oilf  which  within  a  comparatively  few  years  has  become  an  im- 
portant article  of  commerce,  is  obtained  principally  on  the  West  Coast  of 
Africa,  in  immense  quantities,  from  the  fruit  of  a  species  of  palm-tree.  It 
haa^  when  fresh,  a  deep  orange-red  tint,  and  an  agreeable  odor,  and  at  ordi- 
nary temperatures  has  the  consistency  of  butter.  It  consists  of  a  fluid  fat, 
oleine,  and  a  crystallizable  solid,  resembling  margarine,  which  has  been  called 
paXmaUnt,  and  which  consists  of  palmatic  acid  and  glycerine. 

Human  fiit  contains  palmatine,  margarine,  and  some  oleine.* 

784  Glycerine  is  a  sweet,  syrupy  liquid,  not  volatile,  and  readily  so- 
luble in  water  and  alcohol  Until  within  the  last  lew  years  its  properties 
have  been  overlooked,  and  it  was  not  regarded  as  applicable  to  any  useful 
purpose.  In  its  solvent  power,  however,  witli  respect  to  the  metalloids,  the 
salts,  and  the  neutral  organic  bodies,  it  equals,  if  not  surpasses,  that  of  alco- 
hol or  water.  Exposed  to  the  air,  it  does  not  become  rancid,  or  readily 
dry  up.  It  also  possesses  remarkable  antiseptic  properties,  and  preserves 
animal  tissues  immersed  in  it  in  all  their  natural  colors.  It  has  recently 
been  extensively  applied  in  medicine  for  the  dressing  of  wounds,  bums,  and 
sores,  as  a  solvent  for  various  medicinal  principles  in  the  place  of  alcohol  or 
oils^  and  as  a  remedy  for  insect  bites.  It  may  bo  obtained  in  a  nearly  pure 
state  by  saponifying  tallow  with  lime,  and  by  various  other  jifocesses. 

785.  When  glycerine  is  strongly  heated  it  is  decomposed,  and  evolves  a 
volatile,  extremely  pungent  substance  termed  acroleine,  which  causes  lachry- 
mation.     The  formation  of  this  body  occasions  the  disagreeable  smell  noticed 


*  Bodies  buried  in  churchyards,  or  submerged  for  a  long  time  in  water,  are  sometimea 
entirelj  conrerted  Into  a  peculiar  substance  resembling  fat,  termed  adipoeere.  In  the 
remoTal  of  the  extensive  cemetery,  les  Innooens,  in  Paris,  in  1797,  more  than  1600  bodies, 
which  luid  been  interred  in  one  ]rft,  were  found  in  this  condition,  and  were  to  some  extent 
disposed  of  to  soap-boilers,  and  manufactured  into  soap. 

QuKsnoKB. — ^How  does  lard  differ  fh>m  tallow  ?  From  what  sources  are  lard  and  tal- 
low obtained  T  From  what  sources  is  train  oil  obtained  7  What  in  spermaceti  ?  What  is 
olive  ofl  t  What  is  palm  oil  ?  What  are  its  constituents  f  What  does  human  fat  consist 
of?  What  are  the  properties  of  glycerine  ?  What  is  said  of  its  solvent  powers  f  What 
Isaeroleine? 
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during  the  smoldering  of  a  candle-wick,  and  it  may  be  also  perceived  duiv 
ing  the  imperfect  combustion  of  all  kinds  of  fats. 

786.  Wax  • — ^The  term  wax  is  applied  by  chemists  to  substances  derived 
from  various  sources,  which  resemble  in  composition  and  properties  the  wax 
forming  the  solid  portion  of  honeycomb.  It  has  long  been  a  matter  of  dis- 
pute among  naturalists,  whether  the  bee  merely  collects  the  wax  formed  by 
plants,  or  secretes  (manufactures)  it  from  honey  (sugar)  in  the  tissues  of  its 
body.  The  latter  view  of  the  case  is  now  generally  adopted.  The  constitu- 
ents of  wax  are  the  same  as  those  of  the  fats  and  oils,  viz.,  carbon,  hydro> 
gen,  and  oxygen — the  formula  for  bees-wax  being  Cs4H840t. 

Bees- wax,  in  its  natural  state,  is  yellow,  but  is  bleached  white  (white  wax) 
by  exposure  in  thin  ribbons  to  the  action  of  light,  air,  and  moisture.  It 
fuses  at  a  temperature  of  150°,  and  is  soluble  in  ether  and  spirits  of  tur- 
pentine. When  heated  with  boiling  alcohol,  it  separates  into  different  proxi* 
mate  principles,  myricine  and  cerine^  the  last  of  which  separates  from  the 
alcohol  on  cooling  in  delicate  needle-like  crystals.  It  is  doubtful  whether 
these  bodies  are  susceptible  of  saponification.  Wax  digested  with  oils,  forms 
a  kind  of  ointment  termed  ceraies.  Wax  also  occurs  in  all  plants,  especially 
in  the  glossy  coating  or  varnish  observed  upon  the  surface  of  leaves  and  the 
skins  of  fruit  (as  in  the  skin  of  the  apple).  From  some  species  of  plants  it 
is  obtained  in  sufficient  quantities  to  constitute  an  article  of  commerce,*  as 
the  hayberry  taUow^  or  myrica  waXj  which  is  obtained  by  steeping  the  leaves 
and  fruit  of  a  species  of  myrtle  in  hot  water.  The  great  demand  for  wax  is 
for  the  manufacture  of  candles,  which  are  first  molded  by  the  hand  and  then 
shaped  by  rolling  upon  a  hard  surface.  Wax  bums  with  a  beautiful  clear 
light,  and  is  the  most  expensive  material  employed  for  illumination. 

787.  Resins . — Resinous  substances  are  found  in  greater  or  less  abun« 
dance  in  almost  all  plants,  and  are  regarded  as  the  products  of  the  oxyds^ 
tion  of  the  essential  oils.  Many  of  them  exude  naturally  from  fissures  or 
incisions  in  the  bark  or  wood.  They  are  all  insoluble  in  water,  but  dissolve 
readily  in  alcohol,  ether,  and  the  essential  oils.  When  pure  and  free  from 
essential  oUs,  th(^  have  no  odor  except  when  rubbed  or  heated.  They  are 
also  good  insulators  of  electricity,  and  become  electric  by  friction.  In  color 
they  are  pale  brown  or  red. 

788.  Colophony . — Common  pine  resin  {ro8in\  also  termed  colophony^ 
which  is  the  residue  left  after  the  distillation  of  crude  turpentine,  is  a  good 
example  of  this  class  of  resins.  It  contains  two  distmct  bodies  having  acid 
properties,  called  pinic  and  silvic  acids,  which  may  be  separated  from  each 
other  by  treatment  with  alcohol.  These  acids  unite  with  bases  to  form  salts, 
and  their  combinations  with  the  alkalies  are  true  soaps  (rosin  soaps).    Eosin 

QuKSTiOKS. — ^What  is  irax  ?  What  is  the  origin  of  bees-wnx  ?  Into  what  two  principles 
may  wax  be  divided?  How  is  white  wax  formed?  Under  what  circumstances  is  wax 
found  in  regetables  ?  What  is  hayberry  tallow  ?  What  is  said  of  the  occurrence  of  rerins  ? 
What  are  thdr  general  properties  f  What  is  a  characteristic  example  of  this  class  of 
bodies  ?  How  Is  rosin  obtained  ?  What  is  its  chemical  name  ?  What  is  its  eomposition  f 
What  Is  pine  oil  ? 
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yields  by  distOlatioii  a  great  variety  of  products,  the  most  important  of  which 
is  a  fixed  oil,  which  is  extensively  used  for  lubrication  and  somewhat  for 
illuminating  purposes,  under  the  name  oteylvic,  orpine  oiL  Bosin  is  extremely 
brittle,  and  may  be  easily  reduced  to  a  fine  powder,  in  which  condition  it  ia 
used  to  increase  friction,  as  it  renders  the  surfaces  to  which  it  is  applied 
r9Ugh  and  adhesive;  its  appHcatioa  to  the  bows  of  violins,  and  to  tbe 
cords  of  clock  weights  to  prevent  their  slipping,  are  familiar  illustrative  ex- 
amples. Rosin  ignited  for  a  time  and  then  extinguished,  is  converted  into 
a  soft,  black,  pitchy  substance,  generally  known  as  ship^s  pitch,  or  ehoemaker's 
wax. 

789*  Lac . — ^This  important  resinous  substance,  which  is  exported  from 
the  East  Indies  to  the  extent  of  half  a  million  of  pounds  annually,  is  pro- 
duced by  the  puncture  of  the  bark  of  certain  species  of  trees  by  an  insect, 
and  by  its  elaboration  of  the  exuding  juice  into  cells  for  its  eggs.  It  occurs 
m  commerce  under  three  forms.  Thus  the  broken  oflf  twigs  of  the  trees 
iiicnisted  with  lac  constitute  sttdc  2ac,  removed  from  the  twigs  it  is  seed  lac, 
and  when  refined  by  melting  and  straining  it  is  sJieUac.  Stick  lac,  owing 
to  the  presence  of  the  dead  insect  in  its  structure,  yields  by  proper  treatment 
a  dye  which  is  nearly,  or  quite  as  bright  as  that  obtained  from  cochineal 
Lac  is  also  extensively  employed  in  the  preparation  of  varnishes,  in  tbe* 
manufacture  of  hats  (for  stiiTcning  the  hat  body),  and  as  the  principal  ingre- 
dient in  sealing-wax.*  What  is  called  gold  varnish  is  a  Eolution  of  shellac 
in  alcohol,  colored  yellow  by  gamboge  and  tumeric. 

Mastic,  "  Dragon's  blood,"  so  called  from  its  deep  red  color,  and  Sandarac, 
are  also  resins  largely  employed  for  the  manufacture  of  vamishc&  Copd 
is  exceedingly  hard,  and  of  a  light  yellow  color ;  it  difiers  from  the  other 
resins  in  being  almost  insoluble  in  alcohol  and  the  essential  oils.  Copal  var- 
nish is  made  by  first  fusing  the  resin,  and  then  adding  spirits  of  turpentine 
and  linseed  oil.  Gum  guiacum,  much  used  in  medicine,  is  the  product  of  the 
lignum-vitsQ  tree  of  the  West  Indies. 

190.  Amber . — ^The  source  of  amber  was  for  a  long  time  uncertain ,  by 
some  it  was  supposed  to  be  a  carbonaceous  mineral,  but  it  is  now  univer- 
sally considered  to  be  a  fossil  vegetable  resin,  the  product  of  a  species  of 
the  pine  family  now  extinct  Whenever  found  in  tts  natural  location  m 
the  earth,  it  is  associated  with  carbonized  wood  or  coal.  It  is  chiefly  found 
on  the  shores  of  the  Baltic  Sea,  and  is  apparently  washed  out  of  the  sand  by 
the  waves.    The  largest  block  known  is  iu  the  Royal  Museum  of  Berlin, 


*  Common  red  sealing-irax  is  usually  made  of  4  parts  of  lac,  1  to  1|  of  TenioQ  turpen- 
tine, and  3  parts  of  rermilion,  the  whole  beini;  fused  together  hy  a  moderate  heat.  Bj 
substituting  different  coloring  principles,  different  colored  rarieties  of  seallng-irax  are 
prepared. 


QirE8TiONS.~What  is  shoemaker's  wax  ?  TV^hatislac?  What  are  its  mrietiesr  What 
nre  its  uses  f  What  other  resins  are  largely  employed  for  Tarnishes  ?  What  is  said  of 
copal  f    Wliat  is  amber  t    "Where  is  it  principally  found  f 
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and  weighs  13  lbs.  Amber  oflen  contains  insects  so  perfectly  and  delicately 
preserved,  that  they  could  not  have  become  incorporated  in  the  mass,  ex- 
cept it  was  once  in  the  condition  of  a  volatile  oil  or  a  semi-fluid  resin.  It 
is  the  hardest  of  all  the  resins,  has  a  yellowish  color,  and  is  slightly  acted 
upon  by  alcohol  or  the  essential  oils.  iJeing  commonly  translucent,  and  sus- 
ceptible of  a  fine  polish,  it  is  often  made  into  ornaments,  such  as  necklaces, 
the  mouth-pieces  of  pipes,  etc.  The  beautiful  black  varnish  used  by  coach- 
makers  is  a  very  carefuUy-prepai'ed  compound  of  amber,  asphaltum,  linseed 
oil,  and  turpantine.  Amber  is  a  compound  of  several  resinous  principles,  and  , 
a  p  }culiar  acid  called  succinic  acid, 

79 1.  Balsams. — Many  resinous  substances,  as  they  exude  from  trees 
or  shrubg,  are  mixed  with  an  essential  oil,  which  either  evaporates  on  com- 
ing in  contact  with  the  air,  or  is  converted  into  resin  by  the  absorption  of 
oxygen.  Such  mixtures  of  resins  and  essential  oils  are  called  balsams.  The 
crude  turpentine  or  pitch  which  exudes  from  the  pine  is  an  example  of  a 
true  balsam,  since  by  distillation  it  is  separated  into  a  volatile  oil — ^turpen- 
tine ani  hard  resin.  Among  the  other  important  commercial  balsams  are 
**  Canada  bdtsam^^^  the  product  of  the  silver  fir,  "  Venice  turpentine"  the  pro- 
duct of  a  species  of  larch,  Copaiba  balsam^  balsam  Ihlu,  Pentj  and  gum  ben- 
zjin.  The  three  former  are  merely  natural  vamishee^  i,  e.,  resins  dissolved  in 
yolatild  oils ;  the  latter  contain  in  addition  an  acid  principle.  This  acid  in 
glim  benzoin  is  called  benzoic  acid,  and  is  chemically  interesting  by  reason 
of  the  number  and  marked  character  of  the  salis  which  it  forms  with  bases. 
Benzoic  acid  may  also  be  obtained  artificially  as  a  product  of  the  oxydation 
of  the  oil  of  bitter  almonda  The  gum  itself  is  very  fragrant,  and  is  the  chief 
ingredient  in  the  incense  burnt  in  Catholic  churches., 

792.  Gum  Resins  — ^This  term  is  applied  to  a  class  of  vegetable  pro- 
ducts which  contain  in  addition  to  a  resin  and  an  essential  oil,  a  portion  of 
gum  and  various  other  extractive  matters.  When  they  first  escape  from  in- 
cisions in  the  stems  or  branches  of  trees  and  shrubs,  they  are  fluid  and  of  a 
light  color,  but  gradually  harden,  and  become  of  a  deeper  hue.  Most  of 
them  also  possess  a  strong  odor,  and  a  warm,  acrid  taste.  Owing  to  their 
mixed  composition,  they  are  not  perfectly  soluble  in  either  water  or  abso- 
lute alcohol,  bit  ar^  completely  dissolved  by  proof  spirit.  This  class  of 
substances  includes  many  valuable  medicuial  principles,  such  as  myrrh,  asa- 
fjetida,  aloes,  gamboge  (the  well-known  coloring  agent),  scammony,  and 
others.     Opium  is  also  included  in  this  class. 

793.  Varnishisa  solution  of  a  resinous  substance  which  is  applied  to 
the  sur&oe  of  bodies  for  the  purpose  of  investing  them  with  a  hard,  transpa- 
rent, lustrous  coating.  When  the  solvent  for  the  resin  is  alcohol,  the  pro- 
duct is  termed  spirit  varnish,  and  when  an  essential  or  drymg  oil,  oil  var- 

QiTBSTiONB. — ^What  are  its  properties  and  uses?  What  is  said  of  its  chemical  composi- 
tioa  i  What  are  balsams  f  What  are  examples?  What  is  said  of  gam  benzoin  ?  What 
are  gum  resins?  What  are  their  properties  ?  What  are  some  of  the  principal  bodies  of 
this  class  ?    What  is  varnish  ? 
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nisK     French  polish  is  an  alcoholic  solution  of  shellac,  with  a  little  dl 
added. 

794.  The  Elastic  6nm8. — ^Two  varieties  ofthis  class  only  are  known 
in  commerce—caoutchouc  or  India-rubber,  and  gutta  percha.  There  are, 
howeyer,  several  other  vegetable  products  of  a  like  character  which  have  not 
been  made  practicallj  available. 

Caoutchouc  is  obtained  from  the  milky  juice  afforded  by  several  species  of 
tropical  plants,  in  which  it  exists  in  the  form  of  small  globules  suspended  in 
an  aqueous  liquid,  precisely  in  the  same  manner  as  the  little  globules  (^ 
oily  matter  float  about  in  milk.  When  the  juice  is  exposed  to  the  air,  the 
caontchoQC  gradually  separates,  and  hardens  into  a  white  elastic  mass,  inso- 
luble in  water  or  alcohol  The  usual  black  color  of  India-rubber  is  a  discol- 
oration occasioned  by  the  smoke  of  the  fires  over  which  the  fiesh  product  is 
dried.  The  addition  of  a  little  ammonia  to  the  milky  juice  temporarily  pre- 
vents the  separation  of  the  caoutchouc,  and  under  these  circumstances  the 
caoutchouc  may  be  exported  in  tightly-corked  bottles  in  its  natural  condition. 
A  short  exposure  to  the  air,  however,  soon  occasions  its  separation  as  a 
milk-whito  soUd. 

The  physical  properties  of  caoutchouc  are  well  known.  It  is  soluble  in 
pure  ether,  naphtha,  benzole,  oil  of  turpentincj  and  the  bi-sulphide  of  carbon. 
At  a  temperature  a  little  above  the  boiling  point  of  water  it  melts,  but  does 
not  regain  its  solid,  elastic  state  on  cooling.  Caoutchouc  contains  no  oxygen, 
and  is  composed  of  carbon  and  hydrogen  united  probably  in  equal  propor- 
tions. 

When  caoutchouc  is  heated  in  connection  with  sulphur,  it  incorporates  a 
quantity  of  the  sulphur  into  its  structure,  and  undergoes  a  remarkable  change, 
becoming  what  is  called  vtdcanized  rubber.  In  this  condition  it  is  less  liable 
to  be  hardened  by  cold  or  softened  by  heat,  and  is  also  rendered  more  elas- 
tic and  insoluble  in  ether  and  the  essential  oils.  It  is  from  this  material  that 
almost  all  India-rubber  goods  are  now  fabricated.  Vulcanized  rubber,  by 
mixture  with  a  proportion  of  bituminous  or  pitchy  matter,  and  some  earthy 
material  like  magnesia,  may  be  converted  into  a  hard,  black,  lustrons  sub- 
stance, which  works  like  ivory,  and  is  extensively  used  for  the  manu&ctuie 
of  combs,  pencil-cases,  knife-liandles,  etc 

FiO.  232.  -^  caoutchouc  is  unaffected  by  most  chCTaical 

agents,  and  is  at  the  same  time  supple  and  flexible, 
it  admits  of  many  useful  applications  in  practical 


'-•—rr 


fe 


W         '         "  chemistry.    Short  flexible  tubes  for  the  connection 


of  ^paratus  are  easily  formed  by  wrapping  a  piece  of  sheet  rubber  over  a 
glass  tube  or  rod  (see  Fig.  232),  and  cutting  off  the  superfluous  portions  with 
a  pair  of  scissors  (see  Fig.  233).    On  pressing  together  and  gently  warming 

QiTESTiONB. — ^What  substances  are  included  in  the  class  of  elastic  gums?  From  what 
source  is  caoutchouc  obtained  ?  What  is  its  natural  condition  and  color  f  What  is  said 
of  its  solubility  t  What  is  its  chemical  composition  ?  What  Is  vulcanized  rubber  i 
What  effect  has  the  addition  of  sulphur  upon  the  qualities  of  rubber? 
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Uve  fl«eh-cut  edges,  they  cohere,  and  Ibrm  a  tube,  FlQ.  233. 

trbicb  Qrmly  tied  at  both  ends,  binds  two  separate 
glass  tubes  air-tight  with  each  otlier.  (See  Fi([. 
234.) 

Most  of  the  caoutchouc  atprcaect  used  is  obtained 
from  the  coontij  bordoring  on  the  banks  of  the 
Amazon,  South  America. 

795.  flulta  Percha .—This  substance,  like 
caoulcbouc,  ia  obtained  from  the  millcj'  juice  which 
oxiidea  from  several  Bpedes  or  trees  peculiar  to  Fio.  234. 

Southern  A^  At  <Hdiiiai7  temperatures  it  i 
Blightly  elastic  and  as  tough  and  hard  as  wood ;  but  i 
when  immereed  in  warm  water,  it  softens  nod  be- 
comes highly  plastic  end  ductile,  regiuning  its  or^nal  hardness  on  cooling. 
This  frnpertj  allows  it  to  be  molded  with  great  bcllity  into  many  articles  of 
utility  and  ornament  Gutta  percha  possesses  a  dirty  white  color,  and  a  pe- 
culiar leathery  smell ;  it  ia  highly  inflammable,  and  ia  insoluble  in  water  or 
alcohol,  but  dissolTes  in  ether,  the  essential  oils,  cblorolbrm,  and  bi-sulphuret 
of  carbOD, 


CHAPTER    XXIV. 

THE    NUTRITION    AND     GBOWTH    OF     PLANTS. 

196.  EI«meDta   of  TeeeObU   OrEanlcatlon  —  The  ek- 

mcnls  which  constitute  the  organic  structure  or  plants  are,  as  has  been  already 
stAted,  larbon,  hydrogen,  oxygen,  and  nitrogen — the  three  former  being 
largely  in  excess. 

In  addition  to  these,  all  plants  contain  various  inorganic^  or  rather  mineral 
Bubstances,  the  preeence  of  which  in  their  structure  is  essential  to  a  bealthjr 
growth  and  oiganizadon.  The  number  and  the  natnre  of  these  mineral 
BQbBbuices  are  ascertained  by  analj-Bls  or  the  ashes  (the  incombustible  part) 
Trhich  plants  yield  by  combustion.  They  are  m^nly  pniaita,  toda,  lime,  mag- 
flCfin,  aadteiquioxydo/  inm,  combined  viith  carbonie  acid,  au^uric  aeid,  lilicie 
acid,  phoiplioric  acid,  and  varions  chlorideK.  The  ashes  of  all  cultivated  plants 
contain  these  mineral  subalancea ;  but  the  proportions  vary  with  the  nature 
of  the  plant  Thus  silica  abounds  in  the  stalka  of  grains  and  grasseo,  pfaoB- 
phorio  add  in  tiie  seeds  of  grain-bearing  plants,  potash  in  leaves  and  many 
edible  roots,  and  lime  in  leguminous  plants,  peas,  beans,  etc 

quBTians.— fVtait  la  EVtU  penhar  What  ire  id  properUei  f  What  (re  Uia  elnuDt* 
that  make  up  the  organic  itructureof  plaoUT  What  otiier  ludgtancei  are  regarded  aa 
ciaentlal  conitituenta  ?  How  may  »«  ancertafn  the  natiin  of  Ih*  mineral  rabaUnce* 
whleh  «nter  Into  the  CDinpoiiaon  of  plant!  f  Do  all  plant!  contata  tiie  aame  mineiBloaB. 
■titunter    nigMrale  Ihla. 
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The  mineral  constituents  of  plants  do  not  necessarily  exist  In  the  Kving 
tissties  in  the  same  form  as  in  the  ashes  afforded  by  the  combustion  of  these 
tissues.  Thus,  sulphur  and  phosphorus  appear  to  exist  uncombined  in  albu- 
minous matter,  while  the  earthy  bases  are  very  generally  united  in  the  struc- 
ture of  plants  with  vegetable  acids.  In  the  process  of  combustion,  however, 
the  latter  become  converted  into  carbonates,  while  the  sulphur  and  the  phos- 
phorus unite  with  oxygen  to  form  acids,  which  m  turn  generally  unite  with 
one  of  the  bases  present  to  form  salts  characteristic  of  these  elements. 

797.  Sources  of  Nutriment  to  Plants  .—Plants  obtain  theii 
nutriment  partially  by  their  leaves  and  partly  by  their  roots.  The  former  are 
furnished  with  a  great  number  of  microscopic  poreSy  or  siomaiOf*  while  in 
the  latter  the  nutritious  matter  penetrates  the  cell- walls  of  the  rootlets  by 
the  fi>roe  of  endosmosis.  It  must  be,  therefore,  evident  that  the  plant  can 
only  absorb  its  nutriment  in  a  liquid  or  aeriform  condition. 

798.  The  hydrogen  and  oxygen  which  plants  contain  are  derived  prind- 
pally  from  water  which  is  absorbed  as  a  liquid  by  the  roots  from,  the  earth, 
or  as  vapor,  from  the  air,  by  the  leaves.  The  substances  which  make  up  the 
great  bulk  of  the  structure  of  all  plants,  viz.,  cellulose,  lignine,  starch,  sugar, 
and  gum,  contain  oxygen  and  hydrogen  in  exactly  the  same  proportions  as 
they  exist  in  water,  and  they  may  in  fact  be  regarded  as  merely  compounds 
of  carbon  (their  other  constituent  element)  with  water.  The  presence  of 
water  in  a  liquid  condition  in  the  plant  is,  moreover,  indispensable  to  its  de- 
velopment, since  all  the  solid  ingredients  of  plants  are  assimilated  from  the 
sap,  which  is  rendered  liquid  by  water.  Plants,  however,  absorb  through 
their  roots  much  more  water  than  is  applied  to  the  enlargement  of  their 
structure,  and  in  such  cases  a  constant  evaporation  takes  place  from  their 
leaves. 

799.  The  carbon  existing  in  plants  is  entirely  derived  from  carbonic  acid, 
carbon  itself  being  insoluble  in  water.  Plants  absorb  carbonic  acid  principally 
from  the  air  through  their  leaves.  Although  but  2  measures  of  this  gas  are 
contained  in  6,000  of  air,  its  aggregate  supply,  by  reason  of  the  great  extent 
of  the  atmosphere^  is  very  large,  and  has  been  estimated  to  exceed  seven 
tons  for  each  acre  of  the  earth^s  surface.  The  immensely-extended  surface 
presented  by  the  leaves  of  plants  enables  them  to  withdraw  carbonic  acid 
from  the  atmosphere  in  a  very  rapid  manner. 


*  In  the  leaf  these  pores  are  found  mainly  upon  the  under  side.  In  the  white  lOy,  irhers 
they  are  unusually  laiige,  and  are  easily  seen  by  a  simple  microscope  of  moderate  power, 
there  are  about  00,000  to  the  square  inch  on  the  epidermis  of  the  lower  snrfiaoe  of  the 
leaf,  and  only  about  8,000  in  the  same  space  upon'the  upper  surface.  More  commonly, 
there  are  few  or  none  upon  the  npper  side,  direct  sunshine  being  unfavorable  to  their 
operation.  Their  immense  numbers  malce  up  for  their  minuteness.  They  are  said  to 
vary  from  less  than  1,000  to  170,000  to  the  square  inch  of  surface.— Gkat. 

QuBSTiowB. — Do  they  exist  in  the  tissues  in  the  same  form  as  in  the  ashes  of  plants? 
Through  what  organs  do  plants  obtain  their  nutriment?  In  what  conditions  ia  nutriment 
only  absorbed  by  plants  ?  From  what  source  do  plants  derive  oxygen  and  hydiogea  ? 
What  Is  said  of  the  existence  of  water  in  plants  ? 
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Carbonic  acid  is  also  supplied  to  plants  from  the  soil  through  their  roots. 
Humus,  in  the  course  of  its  decomposition,  continuaUj  evolves  carbonic  acid ; 
and  the  air  in  all  soils  rich  in  decaying  vegetable  matter  always  contains  a 
much  larger  proportion  of  carbonic  acid  than  an  equal  bulk  of  the  general 
atmosphere.  Carbonic  acid  does  not,  however,  enter  into  and  circulate  in 
the  structure  of  plants  as  a  gas,  but  always  in  a  state  of  solution.  In  the 
leaf  the  moisture  with  which  the  tissues  are  saturated  becomes  the  medium 
of  its  absorption ;  in  the  case  of  the  root,  it  is  taken  up  naturally  in  solution 
in  water.  Some  chemists  maintain  that  the  soluble  forms  of  humus  (crenic 
and  apocrenic  acids)  are  directly  absorbed  by  roots,  and  thus  become  sources 
of  nutriment  to  the  growing  plant.  This  theory,  from  the  fact  that  St  has 
been  strenuously  opposed  by  Liebig  and  other  authorities,  has  not  been  gen- 
erally  received,  but  the  most  recent  investigations  appear  to  substantiate  its 
correctness. 

The  carbonic  acid  absorbed  by  the  plant,  either  by  its  leaves  or  roots,  is 
decomposed ;  its  carbon  constituent  being  retained  and  assimilated,  while  the 
oxygen  originally  combined  with  it  is  restored  to  the  atmosphere.  This  do- 
composition  takes  place  mainly  in  the  leaves  of  plant«<,  and  is  effected  solely 
under  the  influence  of  light  It  goes  on  most  actively  when  the  plant  is  ex- 
posed to  the  direct  action  of  the  rays  of  the  sun,  but  is  entirely  suspended 
during  the  night  It  is  also  checked  in  a  very  marked  degree  during  the 
daytime,  when  the  light  of  the  sun  is  intercepted  by  thick  clouds. 

Plants^  therefore^  in  the  daytime  amtinuaily  absorb  cajrhonic  acid  and  exhale 
oxygen. 

In  the  night  this  process  is  to  a  degree  reversed ;  cairbonic  acid  is  absorbed 
as  before,  but  the  influence  of  light  being  withdrawn,  it  is  again  restored  to 
the  air  unchanged.  Oxygen,  also,  as  the  result  of  certain  processes  allied  to 
oxydation,  is  at  the  same  time  abstracted  to  a  very  small  extent  from  the  at- 
mosphere. The  action  of  oxygen  under  such  circumstances  is  illustrated  by 
the  fact  that  tho  leaves  of  certain  plants  wliich  are  bitter  in  the  eveijing  are 
sour  in  the  morning,  inasmuch  as  the  products  formed  during  the  day  become 
acid  by  oxydation  at  night ;  when,  however,  the  assimilation  of  carbon  is 
recommenced  under  the  influence  of  light,  the  excess  of  oxygen  is  neutral- 
ized, and  the  original  bitter  properties  are  restored.  Furthermore,  if  during 
the  night  a  plant  be  covered  by  a  bell-glass,  the  atmosphere  contained  in  it 
will  be  found  to  contain  a  larger  amount  of  carbonic  acid  than  before.  This 
is  occasioned  by  the  oxygen  of  the  air  surrounding  the  plant  eflbcting  an 
oxydation  on  its  surface,  and  thus  producing  a  certain  quantity  of  carbonic 
acid ;  the  amount,  however,  is  very  unequal  in  difierent  plants,  and  is  most 
abundantly  produced  by  sudi  as  contain  a  large  proportion  of  easily  oxyd- 
izable  volatile  oil  in  their  glandular  vessels.     Flowers  and  fruits  also  form  an 

QmesTiONB. — ^What  is  the  source  of  carbon  to  plants  in  the  soil  ?  In  what  condition 
does  carbonic  acid  exist  in  plants  ?  What  becomes  of  the  carbonic  acid  absorbed  by 
plants?  Under  what  circumstances  does  its  decomposition  take  place?  State  the  action 
of  plants  by  day.  What  takes  place  at  night  ?  How  may  the  decompos^Hon  of  carbonte 
add  be  iUustratcd? 
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ezoeptkm  to  the  usaal  action  of  yegetatkni,  as  they  absorb  oxygen  from  the 
atmoepheie,  and  evolve  carbonic  add.* 

The  deoompoeition  of  carbonic  acid  by  the  green  portions  of  plants  may 
be  easily  demonstrated  by  placing  fresh  leaves  in  a  bell  glass  partiaUy  filled 
with  water,  and  partially  with  carbonic  acid  gas ;  on  exposing  the  ^ass  to 
the  sonshine,  the  carbonic  acid  disappears,  and  after  some  time  is  replaced 
by  a  rather  smaller  quantity  of  oxjgen,  which  may  be  tested  in  the  usoal  man- 
Dcr. 

The  carbonic  acid  withdrawn  from  the  air  by  the  action  of  vegetation  is 
constantly  reproduced  and  restored  to  the  atmosphere  by  the  respiration  of 
animals,  and  by  the  processes  of  decay  and  combustion ;  and  these  two  dasses 
of  phenomena  so  completely  compensate  and  balance  each  other,  that  the 
proportional  quantity  of  oxygen  and  carbonic  acid  present  in  the  atmosphere 
remains  ever  essentially  unchanged.    (§  330.) 

800  It  is  the  generally  received  opinion  that  plants  derive  their  nitrogen 
entirely  from  the  soil,  by  means  of  their  roots,  in  the  form  of  ammonia,  al- 
though certain  eminent  French  chemists  maintain  that  this  element  is  in  part 
supplied  directly  from  the  atmosphere.  The  sources  of  supply  of  ammonia 
to  soils  are  numerous ;  it  is  absorbed  and  condensed  from  the  atmosphere  by 
dew,  rain,  and  snow,  and  also  by  the  clay  and  humus  of  the  soil  itsel£  It 
is  an  abundant  product  of  the  decomposition  of  all  nitrogenized  animal  and 
vegetable  substances,  and  is  undoubtedly  produced  to  some  extent  by  the 
direct  contact  of  humus  with  the  nitrogen  of  the  air. 

In  what  manner  the  assimilation  of  ammonia  takes  place  in  the  vegetable 
kingdom  is  not  certainly  known.  Its  decomposition,  however,  furnishes 
plants  with  an  additional  source  of  hydrogea  The  quantity  of  nitrogen  con- 
tained in  plants  is  comparatively  small,  and  it  is  found  chiefly  in  the  sap  and 
in  the  seeds.  In  2,500  lbs.  of  hay  there  are  984  lbs.  of  carbon  and  only  32 
lbs.  of  nitrogen.  - 

801.  .Plants  derive  their  mineraij  or  earthy  constiiuenis  from  the  soil,  and 
the  solution  of  these  substances  in  water,  which  is  necessary  for  their  absorp- 
tion by  root-fibers,  is  greatly  facilitated  by  the  action  of  carbonic  add. 
(§432). 

802.  Soils  owe  their  origin  to  the  disintegration  or  gradual  crumbling 
down  of  rocks,  by  the  action  of  water,  air,  frost,  and  various  other  agendes. 
Through  the  action  also  of  av,  moisture,  and  carbonic  acid,  the  stony  parti- 

*  TherB  is  a  oommon  belief  that  plants  in  floireT  at  night  deteriorate  the  air,  and  that, 
therefore,  their  presence  in  sleeping  apartments  is  objectionable.  The  ill  effects  noticed, 
if  actually  occurring,  are  probably  due,  not  to  the  formation  of  carbonic  acid,  but  to  the 
volatilization  of  certain  rolatile  oils,  many  of  which,  in  even  very  small  quantities,  act 
powerfully  upon  the  animal  system. 

QuasnoirB. — How  is  the  carbonic  add  withdrawn  fh>m  the  sir  by  plants  restored  ? 
From  what  source  do  plants  obtain  their  nitrogen  ?  Do  plants  absorb  nitrogen  directly 
from  the  atmosphere  ?  From  what  source  do  plants  derive  their  mineral  constituents  f 
What  Is  the  origin  of  soils  ?  Through  what  agency  are  certain  of  the  mineral  eonafcitaents 
of  a  soil  rendered  soluble  t 


NUTRITION    AND    GROWTH     OF    PLANTS.       4T9 

cles  which  make  up  a  soil  are  chemically  decomposed,  and  certain  of  their  min- 
eral constituents,  pgtash,  soda,  etc.,  are  rendered  soluble  and  capable  of  assimi- 
lation by  plants.  The  most  abundant  constituent  of  soils  is  silica  (sand\ 
which  frequently  forms  nine  tenths  of  their  entiro  weight.  Grood  arable  land, 
however,  always  contains  a  large  proportion  of  alumina  (day),  and  in  soils 
underlayed  by  limestone  or  calcareous  rocks,  the  proportion  of  carbonate  of 
lime  present  is  oflen  very  considerable. 

The  relative  proportions  of  sand,  clay,  and  lime  in  soils  give  to  them  cer- 
tain peculiar  physical  characters.  A  soil  in  which  sand  predominates  is  light 
and  porous ;  an  excess  of  clay,  on  the  other  hand,  renders  it  heavy  and  re- 
tentive of  moisture.  The  best  soils  are  those  in  which  the  earthy  constitu- 
ents are  so  proportioned  that  the  light,  porous  qualities  of  one  are  balanced 
by  the  close,  retentive  properties  of  the  other. 

The  quantity  of  organic  matter  (humus)  derived  from  the  decomposition  of 
animal  or  vegetable  substances  present  in  a  soil,  essentially  modifies  its  char- 
acter. The  average  amount  of  organic  matter  contained  in  soils  is  about  5 
per  cent  Fertile  alluvial  soils,  or  those  deposited  from  water,  are  generally 
characterized  by  the  presence  of  a  much  larger  proportion,  and  in  some  peaty 
soils,  the  amount  may  exceed  10  or  80  per  cent 

803.  Although  plants  obtain  a  large  proportion  of  their  nutriment  from 
the  air,  yet  as  they  abstract  from  the  soil  considerable  quantities  of  earthy 
matter,  which  is  only  replaced  naturally  by  the  slow  disintegration  of  min- 
eral substances,  it  is  evident  that  the  long-continued  cultivation  of  tho  same 
plant  upon  the  same  soil  may  so  far  exhaust  its  soluble  mineral  constituents 
as  to  render  it  unfruitful  This  is  especially  the  case  where  large  crops  are 
raised  year  after  year,  and  entirely  removed  from  the  soil  to  furnish  food  for 
men  and  animals.  As  difierent  plants,  however,  require  for  their  nourishment 
difierent  mineral  substances,  or  different  quantities  of  tho  same  substance,  a 
soil  which  has  become  unfitted  for  the  growth  of  one  plant,  may  still  contain 
the  elements  necessary  for  the  support  of  another ;  and  hence  a  succession  of 
crops  of  difierent  vegetables  may  be  raised  upon  the  same  soil,  when  two 
successive  crops  of  the  same  vegetable  could  scarcely  be  obtained.  This  sys- 
tem of  cultivating  difierent  plants  in  succession,  upon  the  same  soil,  is  termed 
the  rotaiion  of  crops,  and  tlie  period  of  time  over  which  tho  rotation  is  al- 
lowed to  extend  is  usually  several  years.  During  the  interval  which,  under 
these  circumstances,  elapses  between  two  successive  crops  of  the  same  na- 
ture, the  soil  has  time  to  renew  itself;  or  in  other  words,  it  regains  through 
the  gradual  decomposition  of  its  insoluble,  stony  compounds,  the  constituents 
originally  abstracted  from  it  In  England,  wheat  is  ordinarily  grown  upon 
the  same  soil  only  once  in  four  or  five  years,  the  intermediate  crops  being 


QuKBTiONS.— What  is  the  most  ahundatit  constituent  of  soils?  What  influence  has  an 
excess  of  sand  upon  a  soil?  What  clay?  What  is  the  composition  of  the  hest  soils? 
What  is  the  average  quantity  of  organic  matter  in  soils?  How  does  the  growth  of  plants 
tend  to  impoverish  a  soil  ?  What  is  understood  by  the  rotation  of  crops  ?  IIow  does  th« 
system  of  rotation  tend  to  benefit  a  soil? 
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turnips,  barley,  oats,  and  potatoes,  crops  which  require  but  a  small  quantity 
of  the  mineral  constituents  which  are  essential  to  the  growth  of  wheat. 

The  resuscitation  of  an  exhausted  soil  is  also  often  efifected  bj  allowing  it 
to  fiUloWf  or  remain  without  a  crop,  exposing  it  at  the  same  time  (by  plow- 
ing) to  the  action  of  air  and  moisture. 

804.  Manures  * — The  method,  however,  of  obtaining  from  the  soil  the 
largest  produce,  consists  In  presenting  to  the  plants  cultivated  upon  it  all  the 
materials  requisite  for  their  nutntion  in  sufficient  quantity,  and  in  the  condi- 
tion which  will  most  readily  admit  of  their  absorption.  This  is  accomplishcJ 
through  the  agency  of  manures. 

The  most  valuable  and  energetic  of  all  manures  are  the  excrements  of 
men  and  animals,  inasmuch  as  they  are  capable  of  yielding  to  the  soil,  through 
their  decomposition,  a  large  quantity  of  ammonia  and  carbonic  acid,  and  the 
principal  mineral  substances  which  enter  into  the  composition  of  plants.  By 
actmg  as  ferments,  they  also  assist  in  rendering  useful,  materials  which  with- 
out them  would  be  far  less  beneficial  The  flesh  and  blood  of  dead  animals, 
fat  and  oily  matters,  hair,  wool,  skin,  horns,  hoofs,  and  bones,  are  also  highly 
efficacious  as  manures.  GvanOj  which  is  the  decomposing  excrement  of  sea- 
birds,  owes  its  value  principally  to  the  ammonia  and  phosphate  of  Ume  which 
it  is  capable  of  yielding  to  plants.  These  two  mgredients,  in  the  best  varieties 
of  guano,  constitute  about  one  third  of  its  entire  weight  Animal  substances 
which  decompose  most  readily,  sucli  as  excrement,  blood,  flesh,  etc.,  yield  am- 
monia and  carbonic  acid  most  rapidly,  and  constitute  the  most  powerful 
manures;  those,  on  the  contrary,  which  decompose  more  slowly,  are  less 
powerful,  but  more  lasting  in  their  effects. 

Animal  manures  exposed  to  air  are  liable  to  deterioration  by  the  volatiliza- 
tion and  escape  of  their  ammonia.  They  may  also,  when  incorporated  with 
the  soil,*  prove  injurious  by  evolving  a  greater  quantity  of  ammonia  and  car- 
bonic acid  than  plants  require  or  can  absorb.  Agriculturalists  express  this 
when  they  speak  of  a  manure  as  being  too  strong.  These  evils  may  be  in  a 
great  measure  prevented  by  incorporating  with  t!ie  strong  manure  a  consid- 
erable quantity  of  vegetable  refuse,  straw,  weeds,  leaves,  peat,  etc.,  which 
substances,  being  less  prono  to  decomposition,  check  the  otherwise  too  rapid 
putrefaction.  The  animal  products  at  the  same  time  react  upon  the  vege- 
table substances,  and  gradually  bring  them  into  such  a  state  as  renders  them 
also  most  valuable  additions  to  the  soil.  Common  &rm-yard  manure  is  an 
example  of  a  mixture  of  this  character.  The  loss  of  ammonia  may  also  bo 
efi*ectuaUy  prevented  by  adding  to  manures  a  small  quantity  of  a  weak  solu- 
tion of  any  acid,  or  gypsum  (sulphate  of  lime),  or  copperas  (sulphate  of  iron). 


QUKSTIOKB. — ^What  is  fallowing  f  In  what  manner  can  tho  largest  produce  be  obtatned 
from  the  soil  ?  What  are  the  most  valuable  of  manures  ?  Why  are  animal  manures  es- 
pecially valuable  f  What  is  guano  ?  To  what  does  it  mainly  owe  its  value  as  a  manure  f 
What  is  said  of  the  comiMtrative  effect  of  difTcrent  animal  manures?  Under  what  circum- 
stances will  animal  manures  deteriorate  f  Wben  are  they  said  to  be  too  "  strong  ?**  How 
may  thes«  evils  be  obviated  ? 
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805.  Vegetable  manured^  under  which  head  are  included  vegetable  refuse 
of  all  kinds,  straw,  leaves,  sea-weed,  and  green  crops  which  are  merely  sown 
to  be  plowed  in,  yield  by  their  decomposition,  when  mixed  with  the  soil, 
t^arbonic  acid  and  small  quantities  of  ammonia  and  the  mineral  constituents 
of  plants.  They  also  render  a  soil  porous  and  retentive  of  moisture  and  am- 
monia. They  are  most  a  Ivantageously  used  when  employed  in  combination 
with  some  kind  of  animal  manure. 

806.  Mineral  manures  are  generally  used  for  specific  purposes.  Of  these 
the  most  important  is  hma  This  substance  acts  mechanically  by  giving  a 
proper  consistency  to  soils,  and  chemically,  by  facilitating  the  decomposition 
and  promoting  the  solubility  of  the  more  insoluble  mineral  and  vegetable  com- 
pounds. Quicklime  is  especially  useful  in  soils  rich  in  humus — peaty  or  mossy 
soils.  Soils  of  this  kind  generally  contain  an  excess  of  acid,  whioh  greatly 
interferes  with  their  fertility ;  this  acid  is  neutralized  by  the  addition  of  hme. 
Quicklime,  however,  should  never  be  mixed  with  animal  manures,  as  it  tends 
to  promote  the  escape  of  ammonia.  Gypsum,  or  marl  which  contains  lime 
in  combination,  may  be  used  in  such  cases  with  beneficial  results.  Wood 
asTies  act  upon  soils  and  manures  in  the  same  manner  as  lime ,  they  are, 
however,  more  valuable  than  lime,  as  they  contain  alkaline  salts  and  phos- 
phoric acid.  Hard  coal  ashes  have  but  little  value  as  manures ;  they  do  not 
contain  any  appreciable  quantity  of  alkaline  salts  or  phosphoric  acid,  and 
consist  mainly  of  silica,  alumina,  oxyd  of  iron,  and  a  small  percentage  of 
sulphate  of  limo.  Phosphate  of  lime  is  an  exceedingly  valuable  manure,  and 
as  it  is  found  in  almost  all  plants,  it  may  be  applied  with  advantage  to  almost 
all  cultivated  soils.  It  exists  abundantly  in  bones  and  in  guano,  and  in 
smaller  quantity  in  all  organic  manures  and  in  the  ashes  of  plants.  Phos- 
phate of  lime  is  the  special  mineral  constituent  of  wheat,  and  its  presence  in  a 
soluble  condition  in  a  soil,  is  necessary  for  the  successful  cultivation  of  this 
cereal  Gypsum  or  sulphate  of  lime  is  a  valuable  addition  to  soils  which  do 
not  contain  it.  It  is  partially  useful  as  supplying  lime  and  sulphuric  acid, 
and  partially  as  an  agent  for  fixing  ammonia.  It  is  especially  adapted  for 
clover,  bean,  and  pea  crops. 

A  thorough  tillage,  or  a  complete  pulverization  and  separation  of  the  par- 
ticles of  a  soil,  will  go  far  toward  compensating  for  a  lack  of  manures.  With 
every  increase  in  the  comminution  of  the  particles  of  a  soil,  an  increased 
power  is  given  to  the  soil  for  the  absorption,  retention,  and  condensation  of 
moisture,  ammonia,  and  carbonic  acid,  an  opportunity  for  the  free  permeation 
of  atmospheric  air,  a  facility  to  the  rootlets  of  plants  for  extension,  and  a 
consequent  mcreased  facihty  for  receiving  and  appropriating  nourishment 
This  fact  is  strikingly  illustrated  by  a  comparison  of  the  sterile  soils  of  New 

QuESTiOMS. — What  in  the  action  of  vegetable  mannres  ?  How  may  they  be  most  adyan- 
tageously  used  ?  What  is  said  of  lime  as  a  manure  ?  Upon  i^hat  soils  is  the  use  of  lime 
especially  beneficial?  When  should  lime  not  be  used?  What  is  said  of  the  fertflizing 
action  of  wood  aslies?  What  of  hard  coal  ashes?  What  of  phosphate  of  lime?  What 
of  gypsum  ?  What  Is  Fald  of  the  importance  of  thorough  tillage  and  pulverizatioa  of  a 
soil?    UovisthisillbStrAted? 

21 
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England  and  the  fertilo  ones  of  the  West.  Both  have  been  formed  from  the 
disintegration  of  the  same  varieties  of  rocks,  and  both  contain  the  same  min- 
eral constituents  in  nearlj  the  same  proportion.  In  the  former,  however,  the 
mineral  parlides  are  extremely  coarse,  but  in  the  latter  they  are  nearly  in  the 
state  of  an  impalpable  powder.  The  fertile  soils  of  the  West  also  contain  a 
loi^ge  percentage  of  humus  in  an  advanced  stage  of  deoompositioD,  while  very 
often  the  humus  in  the  soils  of  New  England  is  in  a  state  allied  to  chazxxxU, 
and  completely  insoluble. 


CHAPTER    XXV. 

ANIMAL    ORaANIZATION    AND     FBODUCIS. 

807.  Aoimal  Organization  . — Inasmuch  as  all  animals  derive  their 
sustunancc,  either  directly  or  indirectly,  from  the  vegetable  kingdom,  the  ele« 
ments  which  enter  into  their  composition  are  essentially  the  same  as  those 
contained  in  plants.  Most  animal  substances  are,  however,  more  complex 
in  their  nature  than  substances  of  vegetable  origin,  and  as  a  necessary 
consequence,  they  are  less  permanent,  and  the  products  of  their  decomposition 
are  more  numerous.  Water  and  fat  are  almost  the  only  substances  which 
contain  but  two  or  three  elements  that  exist  in  the  animal  organism — ^almost 
all  the  others  being  also  rich  in  nitrogen,  sulphur,  and  phosphorus. 

808.  Proximate  Animal  Constituents . — The  chief  proximate 
constituents  that  are  found  in  the  animal  system  are  albumen,  fibrine,  caseine, 
gelatine,  fat,  water,  and  phosphate  of  lime.  The  proportions  of  solids  and 
fluids  in  the  animal  body  are  yery  unequal.  A  man  of  154  lbs.  weight  con- 
tains 116  lbs.  of  water,  and  only  38  lbs.  of  dry  matter.  By  slow  desiccation 
this  water  may  be  got  rid  of,  when  the  bo^y  will  aasume  the  condition  pre- 
sented by  the  mummies  of  Kgypt  and  Peru.  The  fluids  of  the  body,  as  they 
exist  in  the  living  tissues,  are.  not  simply  water,  but  watery  solutions  of  va- 
rious organic  and  inprganic  substancea 

Of  the  proximate  animal  constituents  named  above,  albumen,  fibrine,  and 
caseine  appear  to  have  essentially  the  same  composition  and  properties  as 
the  substances  of  the  same  name  originating  in  vegetable  tissues.  The  two 
first  are  dififused  throughout  the  whole  body ;  the  third  is  found  only  as  a 
special  secretion. 

809.  A  1  b  n  m  e  n. — ^The  best  example  of  animal  albumen  is  to  be  found 
in  the  white  of  an  egg.     This,  when  evaporated  to  dryness,  yields  about  one 

•       »  —  — ^»^»^^   1^-  ■'  ■  ■■■■■■■■■■■■■■■—    ■^^^MM  —■ ■■■■  ■  ^M»i.  I  ^^^^.^m     ■ 

QuEsnoMB. — What  are  the  elements  of  animal  eubstances  ?  In  what  respects  do  animal 
substances  differ  from  regetable  f  What  are  the  chief  proximate  constitnents  of  the  ani- 
mal vywtem  What  is  the  relation  between  the  solids  and  tiie  fluids  in- the  animal  body? 
What  is  said  of  the  composition  and  distribution  of  animal  albumen,  fibrine,  and  caseine  f 
What  is  the  best  example  of  animal  albumen? 
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ei^th  of  solid  albumen,  the  rest  being  water.  The  aahea  of  albucaen  Utus 
obtained  contain  comman  Salt,  carbonate,  phosphate  and  sulphate  of  soda,  and 
phosphate  of  lime,  which  sahne  BubstanceB  coustituto  about  5  per  cent,  of  the 
weight  of  the  while  of  the  egg,  or  1^  per  cent  of  the  weight  of  the  dried  albu- 
men. The  yiAlc  of  egga  confiist  CEsenttally  of  albumen,  holding  in  suspension 
drops  of  yellow  oil.  This  oil  forma  about  two  thirds  of  the  weight  of  the 
jrolk  in  a  dried  state,  and  may  be  extracted  from  the  coagulated  yoUc  b; 
prsBanre,  or  by  digestion  in  alcoboL 

When  albamen  is  agitated  witli  water,  little  solid  bodies  are  (brmed,  which 
niider  the  microscope  rueemble  the  cells  which  malce  up  the  cellnlar  tissue  of 
animalai  and  are  periiapx  the  nearest  approach  \o  aa  oi^aaic  structure  that 
man  has  yet  been  able  to  produce  arUflcially. 

810.  F 1  b  rj  n  e  is  fouod  m  the  animal  body  in  two  distinct  states,  viz.,  in 
ft  solid  condition  in  muscular  Qesb,  and  as  a  fluid  in  the  blood.  A  piece  of 
lean  beef  washed  in  cold  water  until  it  is  perfectly  white,  aTfords  us  ao  eX' 
ample  of  flbrine  in  the  first  coodition,  associated  with  membraneous  matter, 
nervet^  fat,  etc.  It  may  be  extracted  from  the  blood  in  a  purer  condition, 
by  stroDgly  agitating  that  fluid,  in  its  recent  and  warm  etate,  with  a  buodle 
of  tn-igs.  The  fibrine  adheres  to  these  latter  in  tbe  form  of  loog,  elustio 
Strings,  and  is  removed  and  cleansed  b/  washing  with  cold  water.  In  thii 
condition  it  contains  only  a  Hltle  lat^  -giQ.  237, 

which  may  be  eitracted  by  ether. 

Tbe  lean  part  of  the  muscles  of  all 
animals  consiata  chiefly  of  flbrine,  and  . 
it  is,  therefore,  the  pKncipal  constitueot  ; 
of  animal  flesh.  Fig.  236  represents  • 
the  structure  of  muscle  as  seen  under 
the    microscope,    the   cross    wriokles 

Bhowiog  the  way  in  which  tbe  fibers  cootract  in  the  lirii^  animaL  Fibrins 
derives  its  name  from  its  peculiar  fibrous  appearance,  but  under  the  micro- 
acapa  it  appears  to  be  composed  of  amall  ghDbules  arranged  in  strings.  When 
pure,  it  is  quite  tasteless,  and  insoluble  both  in  hot  and  cold  water,  but  Ej 
long-continued  boiling  it  is  partially  dissolved.  By  drying  it  shrinks  pro 
dif^usly  in  volume,  loses  about  80  per  cent,  of  water,  and  becomes  transpa- 
rent and  homy,  and  in  this  condition  may  be  preserved  for  an  iudeflnite  pe- 
riod. Fibrine,  when  iu  solution,  assumes  the  solid  form  spontaneously,  as 
as  soon  as  it  is  withdrawn  from  the  influence  of  liie.  It  is  Uiis  which 
causes  blood  to  coagulate  ahnost  as  soon  as  It  is  drawn  from  the  veins— the 
coagulation  being  a  net-work  of  fine  fitiera  of  fibrine  indoang  the  Uqiud  se- 

QTrvno"*-— Of  what  docs  lh«  white  of  ui  t^ 
jdUI    WhatpbeDDnuDODsfklliuiiisillamsnti 

In  the  udnul  ennoiuy  1  Saw  nuy  It  1m  prspU¥d  in  ■  ttkts  approuhing  to  poil 
vh>tputDriheiininuli7«eiu  does  It  form  thsprhidpal  put)  Wlutli  Iheorif 
'  Wiut ■» It* propartint  Yri>*t ^i^dof fllnfuelntolatlaDt  WtutM 
HiofUitliloodt 
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ram  and  ooloring  principle  of  the  blood.  Owing  to  this  circomstanoe,  little 
or  nothing  is  known  of  fibrine  in  the  soluble  state,  bat  it  is  believed  that  the 
chemical  composition  of  soluble  and  insoluble  fibrine  is  somewhat  different 
Its  composition  is  represented  by  the  formula  O^ooHuoNwOimPS. 

811.  Caseinein  the  animal  system  occurs  only  in  milk.    Its oomposi- 
tion  and  properties  have  been  already  described.    (§  706.) 

812.  Gelatine . — ^Various  parts  of  the  animal  body,  particularly  the  skin, 
the  tendons,  cartilage,  and  the  soft  portions  of  the  bones,  dissolve  completely 
by  long  boiling  in  water,  and  produce  a  liquid  which  solidifies  on  coding  to  a 
jeUy.  The  »ibstance  so  produced  is  termed  gelatine.  Chemists  do  not  regard 
it  as  existing  naturally  in  the  aystem,  inasmuch  as  it  is  never  found  in  the 
fluids  of  the  body,  as  might  be  expected  from  its  ready  solubility  ia  warm 
water;  but  it  is  supposed  to  be  produced  by  a  specific  chemical  change  of 
some  of  the  albuminous  principles  by  the  action  of  the  hot  water  and  the 
oxygen  derived  from  the  air.  The  gelatine  extracted  firom  cartilage  appears 
to  differ  somewhat  from  that  extracted  from  animal  membranes  proper, 
and  has  received  the  distinctive  name  i^chondrine.  The  term  carHlage  is  ap- 
plied to  a  dry,  elastic  tisdue,  very  widely  distributed  in  the  animal  economy, 
which  sometimes  serves  to  connect  the  ends  of  bones  which  move  upon  each 
other,  and  sometimes  constitutes  prolongations  of  the  bones  themselves,  as  fiur 
example,  in  the  ribs,  thus  increasing  their  elasticity. 

Gelatine  is  an  important  constituent  of  the  animal  body,  and  is  obtained  fi;om 
almost  all  solid  parts  of  it,  but  more  especially  from  the  tendonsi  ligaments, 
the  inner  skin,  and  from  bones  and  horns.  It  is  very  rich  in  jiitrogen,  and 
contains  some  sulphur,  but  it  is  not  allied  to  the  proteine  group  of  substancea. 
Its  formula  is  CuHioNsObS.  Gelatine  is  exclusively  an  animal  product,  and 
is  never  found  in  plants,  pectine  being  the  vegetable  jelly  principle. 

Comirwn  glue  is  dried  gelatine,  and  is  prepared  by  boiling  refuse  skin  and 
bones,  and  evaporating  the  solution.  Thif  liquor  jdelds  on  cooling  a  thick 
jelly,  which  is  cut  by  wires  into  thm  layers,  and  dried  by  exposure  to  the 
air.  Isinglasaj  which  is  the  purest  variety  of  gelatine,  is  the  dried  swimming^ 
or  air-bladder  of  several  varieties  of  fish,  especially  of  the  sturgeon.  Gelatine 
is  also,  extracted  fix)m  the  tender  and  ligamentous  part  of  calves'  feet)  for  the 
purpose  of  forming  the  well  known  **  calves'  foot  jelly." 

A  dilute  solution  of  gelatine  prepared  fit>m  clippings  of  hides  constitutes 
the  size  which  is  usually  applied  to  paper  to  fill  up  its  pores,  and  thus  pre- 
vent the  spreading  of  ink.  The  diflference  between  writing  and  printing  paper 
consists  simply  in  the  foot,  that  the  former  is  sized,  while  the  latter  is  not* 

*  A  cheaper  kind  of  sixing  for  paper  ts  a|ao  prepared  by  boiling  reain  with  a  atrong  h>- 
lution  of  potash.  This  is  first  added  to  the  paper  pulp,  and  when  it  has  become  thor- 
oughly incorporated,  a  solution  of  alum  is  poured  in.  The  alumina  displaces  the  potash 
in  combination  with  the  resin,  and  forms  a  more  insoluble  compound  in  the  fibers  of  the 
paper. 

QuMnoHB.— What  is  said  of  caseine  f  How  is  gelatine  prepared  f  What  is  gelatine ' 
What  is  said  of  the  distribution  and  composition  of  chondrine  ?  What  is  cartilage  f  What 
tsglaer    What  is  ishiglass  ?    Whatissiaer    For  what  purpose  is  sise  appUed  to  paper? 
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Gelatine  is  largely  employed  as  an  article  of  food,  in  soups,  jellies,  etc.,  but 
it  possesses  very  little  nutritive  value.  In  an  indirect  way,  under  the  condi- 
tions of  a  restricted  diet  usually  met  with  in  a  sick  room,  its  administration 
in  the  form  of  jellies,  etc.,  appears  to  be  beneficial,  as  it  seems  to  protect  some 
of  the  constituents  of  the  body  from  waste. 

Gelatine  united  with  tannic  and  gallic  acids  produces  insoluble  com- 
pounds, and  the  application  of  this  principle  to  the  manu&cture  of  leather 
has  been  already  noticed.  Skins  may,  however,  be  converted  into  leather  by 
other  methods;  as  by  impregnating  them,  after  they  have  been  freed  fix)m 
fatty  matters  by  digestion  in  alkalies,  with  a  solution  of  common  salt  and 
alum,  and  then  working  them  with  various  oils.  Glove  leather  is  prepared 
in  this  manner ;  the  still  softer  chamois,  or  wash-leather  is  obtained  by  work- 
ing the  skins  for  a  long  time  with  the  brains  of  certain  animals  or  the  yolks 
of  eggs — ^the  effect  in  both  instances  being  due  to  the  action  of  cej^tain  pecu- 
liar oily  or  fatty  substances. 

813.  6 !  y  c  0  c  0 11 . — By  boiling  gelatine  with  dilute  sulphuric  acid,  and 
afterward  separating  the  acid  by  chalk,  a  very  remarkable  change  is  effected — 
the  gelatine  being  converted  into  a  sweet,  crystallizable  substance,  which  is 
termed  glycocoU,  or- sugar  of  gelatine. 

814.  Brain  and  Nerves  • — The  substance  of  the  brain,  nerves,  and 
spinal  marrow  differs  from  that  of  all  the  other  animal  textures.    It  appears 

.to  be  albumen  in  a  peculiar  state,  associated  with  certain  remarkable  fatty 
substances,  and  in  the  brain  especially  a  large  amount  of  unoxydized  phos- 
phorus is  believed  to  b3  present  Only  about  one  fifth  part  of  the  nervous 
tissue,  however,  is  solid  matter.  The  phosphorus  contained  in  the  brain  is 
said  to  amount  to  3  or  4  per  cent,  of  its  entire  weight. 

815.  T  h  e  S  k  i  n  of  animals  consists  of  two  layers,  the  skin  proper,  caUod 
also  the  ctrfw,  and  the  dermaj  which  envelopes  the  muscles  and  the  bones ; 
and  the  outer  layer,  the  epidermis,  or  cuticle^  which  originates  from  the  for- 
mer, and  consists  mainly  of  albuminous  cells,  which  losing  their  liquid  con- 
tents by  evaporation,  gradually  become  flattened  scales  at  the  surface.  These 
undergo  constant  exuviation,  and  are  constantly  replaced  from  beneath,  the 
superficial  ones  becoming  dry  and  homy  (scarf  skin),  and  serving  as  a  pro- 
tection to  the  sensitive  or  true  skin  underneath.  The  lowest  portion  of 
the  cuticle,  resting  on  the  cutis,  is  called  the  rete  mwoswn,  and  contains  the 
pigment  which  in  the  dark  races  imparts  color  to  the  skin.  This  pigment 
seems  to  be  produced  by  the  agency  of  sun-light  and  continued  high  tem- 
perature, and  contains  a  large  percentage  of  carbon. 

The  cuticle,  or  outer  skin  of  most  animals  is  perforated  by  numerous  small 
orifices^  through  some  of  which  hairs  pass,  while  others  give  passage  to  the 
fluids  of  perspiration,  or  allow  certain  oily  fluids  to  exude.     "  In  the  human 

QinssTioxs  — What  is  the  iraiaritlve  value  of  gelatine  t  How  is  leather  formed  other 
than  by  tanning?  What  Is  glycoooH?  What  is  said  of  the  composition  of  the  brain  and 
nerves?  Of  what  does  the  skin  consist?  How  is  the  epidermis  formed?  What  ii  th« 
xeto  maooBum  ?    What  is  said  of  the  pores  of  the  slun  ? 
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■jEtem  tbe  potea  are  more  cumFnnia  in  Some  parts  of  tho  body  lluiD  in  otber^ 
but  the  outer  skia  of  a  Dill-giMwa  man  is  sprinkled  orer  with  about  seren 
18  of  them,  while  tho  united  longtli  of  certain  spiral  vessels  connected 


with  them  is  reckoned  a 


Through  the  pores  of  the  akin,  alsc^ 
air  BDleca  and  eac^>es  continuallj  in 
^Q-  236.  a  healthy  state  of  the  body,  as  il  doea 

from  the  air-vessels  of  the  lungs. 

Fig.  236  reprcsonts  a  vertical  sec- 
tion of  tbe  skin  greatly  magnified,  a 
being  tho  cuticle,  or  outer  skin,  6  d 
ttie  true  skin,  e  tho  sweat  glands  and 
their  ducts,  the  outlets  at  the  Hui£ice 
being  pores,  fbain,  g  cellular  tissue. 
816.  Uornjr  M  a  1 1 e r .— Hair, 
wool,  bristles,  featheli,  noih,  claw^ 
and  boo&  of  animals  are  regarded  as 
having  the  same  general  chemical 
compodtion  as  that  of  the  epidermis, 
of  which  they  may  be  considered  as 
appendages.  They  are  insoluble  in 
water,  but  8otl«n  in  boiling-  water, 
and  entirely  dissolve  by  continued 
digestion  in  caustic  alkalies.  They 
contain  several  oily  or  &tty  sub- 
stances, generally  colored,  from  which 
they  derive  their  peculiar  hue. 

Each  hair  originates  in  a  little  fiaak-sbapeil  follicle  {/  Fif.  S3C),  which  is 
Eirmed  by  a  depression  of  the  cutis,  and  lined  by  a  continuation  of  tbe  cuticle. 
The  hair  grows  by  conataut  prolongation  from  tliis  follicle,  and  its  color  is 
due  to  a  peculiar  colored  oil,  which  in  black  hair  contains  a  considerable  quan- 
tity of  iron.  Tbs  surface  of  the  hair  is  scaly,  and  not  amooth,  as  it  appears 
to  tlie  naked  eye ;  and  in  the  case  of  wool,  wliicb  is  a  modiQcatiou  of  hair, 
the  edges  of  the  Gber,  seen  under  a  microscope,  have  the  appearance  of  a 
fine  saw,  with  the  teeth  slojang  in  a  direction  from  tbe  foots  to  tbe  points. 
Were  a  number  of  thimbles  with  uneven  edges  inserted  into  each  other,  a 
cylinder  would  result  not  dlsumilar  in  outline  frooi  a  filament  of  merino 
wool,  the  appearance  of  which,  under  the  microscope,  is  represented  by  Fig. 
237,  This  peculiar  structure  of  wool  ^vesit  the  property  of /ettwij,  so  lliat 
when  a  mass  of  wool  is  alternately  compressed  and  relaxed,  the  little  imbri- 
cations or  scales  of  the  fibers  lay  hold  of  and  match  into  each  other,  and  thus 
compact  the  whcde  into  a  solid  tissue.  or/eU.  Some  varieties  of  hair,  included 
under  the  term/ur,  have  also  sufiitdently  roughened  surEices  to  enable  them 

Qmnmnii. — Whit  li  Hid  of  the  comporiCton  of  hair,  honu,  eta.  *    What  of  tba  arlgin 


ANIMAL    ORGANIZATION    AND    PRODUCT^.      487 


Fig.  237. 


to  felt.    Fig.  238  exhibits  the  appearance  of  the  hair  of  the  seal  (a)  and  of  a 

species  of  caterpiQer  (6),  j?i(j,  238. 

when  viewed  under  tlie 

microscope. 
817.  Bones.— The 

bones  of  animals   are 

composed    of    organic 
.  matter,  which  is  essen- 

tially  the  same  as  car-  ^ 

tilage,   and    of   earthy 

matter,  consisting  chie^  . 

ly   of   phosphate    and 

carbonate  of  lime — tlie 

latter    constituting    in 

mammalia  about  two 
thirds  of  the  weight  of  the  bone.*  The  organic 
and  earthy  bases  contained  in  bones  may  be  easily  separated  from  each  other. 
Thus  when  a  bone  is  digested  for  some  days  in  a  dilute  solution  of  hydro- 
chloric acid,  the  earthy  salts  dissolve  out,  leaving  the  cartilage  soft  and  flexi- 
ble, but  retaining  exactly  the  shape  of  the  bone.  To  accomplish  this  per- 
fectly, it  is  necessary  to  renew  the  liquor  several  times,  and  finally  to  wash 
the  cartilage  with  fresh  water  until  no  trace  of  acid  remains.  The  cartilage 
may  also  be  removed  by  heating  the  bone  for  some  time  in  an  open  fire  with 
free  access  of  air — the  organic  matter  in  this  way  being  burned  away,  while 
the  bone-earth  remaina 

The  bones  of  mammalia  and  of  birds  agree  very  closely  in  chemical  com- 
position, but  the  bones  of  fishes  vary  considerably  as  regards  the  relative  pro- 
portions of  Contained  earthy  and  organic  matter.  In  what  are  called  the 
cartilaginous  fishes^  sharks,  etc.,  the  bones  are  almost  entirely  destitute  of 
calor.reous  salts,  and  in  the  bones  of  all  fishes  the  proportion  of  cartilaginous 
matter  is  always  greater  than  in  those  of  other  vertebrated  animals ;  hen6e 
the  ..exibility  of  the  bodies  of  fishes.  The  composition  of  fish-scales  resembles 
tlaat  of  bone,  since  they  contain  from  40  to  50  per  cent,  of  phosphate  of  lime, 
from  3  to  10  per  cent,  of  carbonate  of  lime,  and  fi:om  40  to  55  per  cent  of 
oiganic  matter. 


*  The  following  is  an  average  composition  of  the  bones  of  a  healthy  adult  man : — 

Cartilage 32  17 

Blood  yessels 1  *13 

Phosphate  of  lime 61*04 

Carbonate  of  lime 11*30 

Fluoride  of  calcium 2-00 

Phosphate  of  magnesia 1'16 

Soda,  chloride  of  sodium 1*20 

100-00 


QgssTioNB. — ^What  is  the  composition  of  hones  ?    How  may  the  constituents  of  bones  b« 
•^»arated  ?    How  do  the  bones  of  mammalia^  birds,  and  fishes  correspond  ? 
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818.  The  Teeth  have  essentially  the  same  composition  as  the  bones, 
except  that  they  contain  less  cartilage.  The  white  external  part  of  the  tooth 
beyond  the  g^um,  called  the  enamel,  is  almost  wholly  composed  of  phosphate 
of  lime,  carbonate  of  lime,  and  a  small  quantity  of  fluoride  of  calcium,  and 
contains  only  a  trace  of  animal  matter. 

819.  Shells  are  composed  of  a  mixture  of  carbonate  and  phosphate  ci 
lime.  The  shells  of  Crustacea,  lobsters,  crabs,  etc.,  usually  contain  from  50 
to  60  per  cent  of  carbonate  of  lime,  from  4  to  5  per  cent  of  phosphate,  and 
the  balance  animal  matter.  The  shells  of  roollusca^  oysters,  dams,  etc.,  on 
the  contrary,  are  nearly  pure  carbonate  of  lime,  and  contain  scarcely  any 
phosphates  or  organic  matter. 

820.  Milk . — ^This  peculiar  liquid  is  secreted  by  the  female  of  the  class 
mammalia  for  the  support  of  its  young,  and  seems  to  contain  the  same  con- 
stituents, although  in  somewhat  different  proportions,  in  all  the  different 
species  of  animals  producing  it  Milk  is  wonderfolly  adapted  for  the  c^oe 
it  is  naturally  intended  to  dischai^,  viz.,  that  of  providing  materials  for  the 
rapid  growth  and  development  of  the  young  mammalian  animal ;  inasmuch 
as  it  contains  caseine,  a  nitrogenous  matter  nearly  identical  in  composition 
with  muscular  flesh,  fat,  sugar,  and  various  salts,  the  most  important  constitu- 
ent of  the  latter  being  phosphate  of  lime.  This  last  is  held  ui  complete  solu- 
tion in  the  slightly  alkaline  liquid,  and  sustains  an  important  relation  to  the 
f  imiation  and  g^wth  of  bone.  The  following  analysis  exhibits  the  oom- 
posidon  of  1,000  parts  of  cow*s  milk  in  a  fresh  state : 

Water 8T3-0O 

Cueine 48*20 

Fat  (butter) 30-00 

MUkiugar. 43-90 

Phosphate  of  lime,  magnecia,  and  iron 2*30 

Chlorides  of  potassium  and  sodium,  with  a  little  free 

soda  in  combination  with  caseine 8*10 

1,000 

Woman^s  milk  contains  more  sugar,  but  less  caseine  and  butter  than  the 
milk  of  the  cow.  The  latter  is  not  so  well  adapted  to  the  functional  wants 
of  the  child,  but  may  be  improved  by  diluting  it  with  water  and  sweetening 
it  with  sugar,  the  effect  of  which  is  to  reduce  the  percentage  of  the  nitrpgen- 
iz3d  element,  the  caseine,  and  render  it  more  suitable  for  digestion  and  assimi- 
lation. '*  Milk,  moreover,  is  not  suitable  as  the  sole  nourishment  of  adult 
life,  since  it  does  not  contain  in  sufficient  quantity  those  phosphorized  com- 
pounds which  are  necessary  to  repair  the  waste  of  the  tissues,  which  at  this 
period  are  more  active  than  in  infancy." 

"When  milk  is  viewed  under  a  microscope  of  moderate  power,  it  is  seen  to 
consist  of  a  perfectly  transparent  liquid,  in  which  are  suspended  numerous 

QnnTioirB.~What  is  the  composition  of  the  teeth?  Of  shells?  WhatismOk?  What 
is  its  natural  of&ce?  What  is  its  general  composition?  In  what  rei^ct  does  woman's 
milk  differ  from  oow*fff    What  is  the  appearance  of  milk  under  the  microscope  f 
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globules  of  bt,  aa  ia  repre«eiited  in  Fig.  Pio.  S39. 

238.     Theaa  gtobules  are  the  butter,  and 

maaiil/  give  b>  iniUi  iu  opaque,  white 

a,fpeamDOB.     When  milk  ia  allowed  to 

Btand,  tbe  globules,  bj  virtue  of  their 

k>w  spedfic  gravL^,  rise  to  the  sur&ce, 

and  turn  a  layer  oT  cream,  and  by  strong 

i^tation  or  (diDmiog,  they  may  be  fiir>  i 

tl>aT  made  to  coalesce  into  a  mass,  and 

form  "butter."    It  is  also  belioved  Uiat 

each  (at  globule  ia  inclosed  in  a  little  sack 

ofcas^e,  whidi  Ls  ruptured  by  the  a^ta- 

Uon.    During  the  operation  of  churning, 

ozygeu  is  absorbed  fhjm  tbo  air,   tbe 

t^nperatuTe  riaes,  and  the  milk,  if  not  already  acid,  turns  soar. 

Butter  conasts  of  a  mixCuro  of  margarine,  oleine,  and  a  peculiar  Tokitili^ 
odoriiferous  piindpie  termed  buiyrirte,  which  conbuus  butyric  add.  In  order 
that  butter  should  keep  well,  it  is  necessary  that  the  buttermilk  should  be 
theaoi^l;  freed  from  it,  Mnce  the  casein'e  and  albumen  contained  in  this 
readily  undergo  decomposition,  and  prodoco  an  add  fermentation  which  sep< 
ntBtea  the  butyric  add  and  other  TdaUle  adds,  and  importa  to  the  butter  a 
dis^jeeable,  randd  taste.  This  same  object,  t  a,  the  preservaUon  of  butter, 
can  be  also  attuned  by  melting  the  butter,  when  the  watery  port  subaides 
and  carries  vith  it  the  azolized  matter.  The  flavor  of  tho  butter  is,  however, 
somewhat  impiured  by  this  process. 

821.  Milk,  wheii.iDa  fresh  state,  is  always  feebly  alkaline ;  but  it  soon 
sours  in  the  air,  particularly  in  wann  weather — lactic  add  being  developed. 
Tho  presence  of  this  add  causes  the  caseine  to  coaguLite,  or  become  inso- 
luble, when  it  BeparHh.-s  in  dots,  carrying  the  Iktty  globules  with  iL  Milk  in 
this  condition  is  said  to  be  iwrncd.  This  change  may  be  prevented,  without 
injuring  the  quaUty  of  tbe  milk,  by  the  addition  of  a  minute  quantity  of  car- 
bouate  of  soda.  , 

833.  Checaeisa  mixture,  b  various  proportionB,  of  coagulated  caseine 
and  butler.  The  caseous  matter  Is  separated  in  tlie  tbrm  of  cheese,  by  leav- 
ing the  milk  for  some  little  time  at  a  temperature  of  120°  F.  in  contact  with 
a  jnece  of  the  llrung  membrane  of  the  stomach  of  a  cal^  which  is  called  ren- 
net This  by  its  presence  ia  believed  to  cause  a  sort  of  acid  formentation, 
which  causes  the  milk  to  separate  into  a  solid  white  opaque  cur<^,  and  a  tbin, 
translucent  whey,  the  former  conusting  chiefly  of  caseine  and  butter,  and  the 
latter  of  water,  holding  in  solution  moat  of  the  saline  constituents  of  the 
milk,  together  wiOi  the  milk  sugar.     The  co^ialum  thus  obtained  is  sepo- 

QDEsnoHS.—lnifhiilciMidltianiloe<<  butter  <xl»t  In  milkf    How  b  butter  coUected  In 
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rated  from  the  wbej  by  straining;  then  drained,  mixed  with  a  portion  of  salt^ 
and  sometimea  other  condiments,  and  subjected  to  pressure.  The  product  is 
cheese,  which,  when  kept  for  several  months  in  a  cool  situation,  undergoes  a 
kind  of  putrefaction,  and  obtains  therebj  a  peculiar  taste  and  odor.  The 
goodness  of  cheese  depends  upon  the  proportion  of  cream  left  in  the  nnSk, 
and  upon  the  method  of  its  manufacture. 

823.  B 1 0  od. — " The  blood  is  the  general  drcolating  fluid  of  the  animal 
body,  the  source  of  all  nutriment  and  growth,  and  the  general  material  from 
which  all  the  secretions,  however  much  they  may  differ  in  properties,  are 
derived.  It  also  serves  the  scarcely  less  important  office  of  removing  and 
carrying  off  from  the  body  principles  which  are  hurtful,  or  no  longer  re* 
quired." 

In  all  vertebrated  animals,  viz.,  man,  mammals,  birds,  reptiles^  and  fishes, 
the  blood  has  a  bright  red  color ;  while  in  the  invertebrata,  as  insects^  the 
Crustacea,  mollusca,  and  zoophytes,  it  is  very  often  colorless,  but  sometimes 
tinged  with  red,  yellow,  green,  or  other  hues. 

824.  Composition  of  the  Blood . — ^The  blood,  as  seen  under  the 
microscope,  circulating  in  the  vessels,  appears  to  consist  of  a  colorless  liquid, 
holding  in  suspension  little  globules,  called  corpuscks^  or  cells.  8ome  of 
these,  in  man,  are  white,  but  most  are  red,  and  give  to  the  blood  its  color. 
The  red  corpnscules  vary  in  size  and  shape  in  difibrent  animals,  and  the  mi- 
croscopist,  taking  advantage  of  this  circumstance,  is  enabled,  even  after  the 
lapse  of  years,  to  distinguish  in  the  dried  stain,  human  from  animal  blood, 
and  also  to  pronounce  with  certainty  whether  a  particular  spot  is  occasioned 

by  blood  or  some  other  Uquid. 

In  man  they  appear  as  circular 

flattened  disc,  having  an  average 

diameter  of  l-3200th  of  an  mch, 

and  a  thickness  of  l-124,000th. 

In  reptiles  they  are  elliptical  and 

larger  than  in  man.     Fig.  240 

i^presents  their  appearance  in 

human  blood  magnified  500 
"g^l^  ^'^  diameters,  and  Fig.  241  their  ap- 
^^^  pearance  in  the  blood  of  a  ftog, 

magnified  250  diameters.    When 
dried,  they  form,  in  man,  on  an  average,  about  13  per  cent  of  the  whole 
weight  of  fresh  blood. 

In  man  and  all  warm-blooded  animals,  the  color  of  the  blood  in  the  arteries 
is  of  a  briglit  scarlet,  while  in  the  veins  it  is  dark  red.  These  changes  of 
color  are  primarily  duo  to  the  action  of  atmospheric  oxygen  upon  the  blood, 
while  passing  through  the  lungs. 


Fig.  241. 


QuxSTioirB.— What  Ib  the  blood  ?  What  is  said  of  its  oolorf  What  is  its  appearance 
under  the  microscope  ?  What  is  said  of  the  blood  corpuscles  ?  What  is  said  of  the  color 
of  the  blood  in  the  veins  and  arteries  f 
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The  fluid  of  the  corpuscles  contains  the  coloring  matter  of  the  blood,  which 
is  called  koematine,  particles  of  fat,  a  colorless  substance  called  globuUne^  whiqh 
resembles  caseine  in  its  properties  and  composition,  and  various  saline  mat- 
ters. H(Bmatine  is  remarkable  for  containing,  as  an  essential  ingredient,  oxyd 
of  iron,  which  may  be  easily  extracted  and  tested  by  igniting  a  little  dried 
clot  of  blood  in  a  crucible,  and  digesting  the  residue  with  hydrochloric  acid ; 
the  solution  thus  obtained,  gives  Prussian  blue,  with  ferrocyanide  of  potassium. 

The  colorless  corpuscles  of  the  blood  are  supposed  to  contain  principally 
fat 

The  colorless  liquid  surrounding  the  blood  corpuscles  is  water,  holding  in 
suspension  or  solution  a  great  number  of  different  substances,  viz.,  albumen, 
fibrine,  fat,  and  a  great  number  of  salts,  such  as  the  phosphates  of  soda, 
lime,  and  magnesia,  the  carbonates  and  sulphates  of  potash  and  soda,  and 
the  chlorides  of  potassium  and  sodium.  It  also  contains  several  gases,  oxy- 
gen, carbonic  acid,  and  nitrogen,  arising  from  the  action  of  air  in  the  lungs. 
A  healthy,  full-grown,  average  sized  man,  contains  about  20  lbs.  of  blood ; 
1,000  parts  of  which  consist  of  700  to  790  parts  water,  60  to  VO  albumen,  2 
or  3  fibrine,  1*4  to  3  of  fat,  and  10  of  mineral  salts. 

The  heat  of  the  blood  depends  in  a  great  degree  upon  the  activity  of  the 
process  of  respiration.  In  man,  when  iu  a  state  of  health,  its  temperature  re- 
mains, under  almost  all  circumstances,  in  the  extreme  cold  of  the  polar  re- 
gions and  under  the  tropics,  at  about  98°  P.  In  birds,  the  temperatuto  is 
sometimes  as  high  as  108°  F.  In  fishes,  it  is  about  that  of  the  water  in 
which  they  live.  Animals  whose  temperature  is  but  little  higher  than  the 
medium  in  which  they  live  are  called  cold-blooded,  while  those  whose  tem- 
perature is  warmer  than,  the  air  which  surrounds  them,  are  called  warm- 
blooded. 

In  its  ordinary  state,  the  blood  has  a  decidedly  alkaline  reaction,  a  saline 
taste,  and  a  peculiar  odor.  When  taken  from  the  living  animal,  it  soon  un- 
dergoes spontaneous  coagulation,  and  separates  into  two  portions  j  one,  a 
pale,  yellowish,  slimy  fluid,  called  the  strmriy  the  other  a  gelatinous,  red 
mass,  called  the  clot^  or  coa^uLum.  The  former  contains  nearly  all  the  albu- 
men and  sahne  constituents  of  tho  blood,  while  the  latter,  as  before  stated, 
is  produced  by  the  coagulation  of  the  fibrine,  which,  "  although  constituting, 
when  dry,  a  very  small  proportion  of  the  whole,  yet  in  the  bulky  and  swol- 
len condition  in  which  it  separates,  is  voluminous  enough  to  entangle  in  its 
net-work  of  fibers  the  whole  of  the  coloring  matter,  and  cause  its  mechanical 
separation."  The  cause  of  the  coagulation  is  not  fully  determined ;  the  ad* 
dition  of  certain  saline  substances,  such  as  a  saturated  solution  of  chlorids 
of  sodium,  either  retards  or  prevents  it ;  while  alum,  and  the  oxyds  of  zinc  and 

Questions. — ^What  is  the  composition  of  the  blood  corpuscles  ?  What  of  the  fluid  nar. 
rounding  the  corpuscles  ?  What  quantity  of  blood  Is  contained  in  a  healthy  man  ?  What 
are  the  general  constituents  of  the  blood  ?  What  Is  said  of  the  heat  of  the  blood  ?  What 
are  -warm  and  cold-blooded  animals  ?  What  change  does  the  blood  undergo  when  drawn 
from  the  veins  ?    What  is  the  serum  ?    What  the  clot  ? 
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copper,  promote  it  The  blood  of  persons  also  who  have  died  a  Rudden,  tio- 
lent  death  by  some  kinds  of  poison,  or  from  mental  emotion,  is  usually  fomid 
in  a  fluid  state.* 

825.  Nutrition . — The  constant  waste  of  the  animal  body  consequent 
on  the  discharge  of  the  various  functions  necessary  to  the  support  of  life,  re- 
quires that  an  equally  constant  supply  of  new  material  should  be  afforded, 
from  which  the  repairs  and  renewals  of  the  system  may  be  effected.  This 
end  is  accomplished  through  the  agency  of  food,  which  in  all  animals  con- 
pists  of  protein  in  its  various  forms  (albumen,  fibrine,  caseine,  etc.X  starch, 
.Eugar,  gum,  and  lat^  to  which,  in  the  case  of  fleah-eating  animals,  gelatine 
must  be  added.  Food,  or  nourishment  from  without,  can,  however,  be  only 
made  available  for  the  wants  cf  the  system  by  being  first  converted  into 
blood,  and  this  is  effected  through  the  agency  of  various  processes,  which  are 
c-ollectively  termed  digeatian, 

826.  Digestion . — The  various  acts  of  the  function  of  digestion  are  a3 
follows: — ^From  the  mouth,  where  the  food  is  chewed  by  the  teeth  and  moist- 
ened by  the  saliva,  it  passes  into  the  stomach. 

The  saliva  is  secreted  by  glands  which  open  into  tiie  interior  of  the  mouth, 
and  consists  chiefly  of  water,  holding  in  solution  about  1  p^  cent,  of  saline 
matter.  The  quantity  of  saliva  produced  in  a  flill-grown,  healthy  man,  in  the 
course  of  24  hours,  varies  from  8  to  21  ounces.  Its  chief  office  seems  to  be 
to  dilute  the  food  and  assist  mastication  and  deglutition ;  but  it  is  also  sup- 
posed to  act  chemically,  through  the  agency  of  a  peculiar  organic  substance 
contained  in  it,  termed  p^yoZtne,  which,  like  diastase,  is  capable  of  converting 
the  starch  and  gum  of  the  food  into  sugar.  Its  action,  however,  in  this  re- 
spect, is  probably  very  limited. 

The  food,  having  reached  the  stomach,  is  subjected  to  the  action  of  a  pe- 


*  "  No  other  component  part  of  the  organism,"  says  Liehig,  "  eka  be  compared  to 
the  blood,  in  respect  to  the  feeble  resistance  which  it  offers  to  external  iniiaences.  It  ia 
nut  an  organ  which  is  formed,  but  an  organ  in  the  act  of  formation ;  indeed  it  is  the  sum 
of  all  the  organs  which  are  being  formed.  The  chemical  force  and  the  Tital  principle 
hold  each  other  in  such  perfect  equilibrium,  that  every  disturbance,  however  trifling,  or 
from  whatever  cause  it  may  proceed,  effects  a  change  in  the  blood.  In  fact,  it  possesses 
60  little  permanence,  that  it  can  not  be  removed  from  the  body  without  immediately  suf- 
fering a  change,  and  can  not  come  in  contact  with  any  organ  in  the  body  without  yielding 
to  its  attraction.  The  slightest  action  of  a  chemical  agent  upon  the  blood  exercises  an 
ii^urions  influence ;  even  the  momentary  contact  of  the  air  in  the  lungs,  althou^  ef- 
fected through  the  medium  of  cdls  and  membranes,  alters  the  color  and  other  qualities 
of  the  blood.  Every  chemical  action  propagates  itself  through  the  mass  of  the  blood: 
for  example,  the  active  chemical  condition  of  the  constituents  of  a  body  undergoing  de- 
composition, fermentation,  putrefaction,  or  decay,  disturbs  the  equilibrium  of  the  chem- 
ical force,  and  the  vital  principle  in  the  circulating  fluid.  Numerous  modificationfl  in  the 
composition  and  condition  of  the  compounds  produced  from  the  elements  of  the  blood  re- 
sult from  the  conflict  of  the  vital  force  with  the  chemical  affinity,  la  their  incessant  en- 
deavor to  overcome  each  other.** 


Questions.— What  is  the  office  of  food  t  Of  what  does  the  food  of  animals  consist? 
What  change  is  necessary  to  render  food  efficacious  f  What  is  the  first  process  of  di- 
gestion?   What  is  the  saliva  ?    What  is  its  constitution  ?    What  its  action  f 
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culiar  fluid,  called  the  gastric  jmce^  which  flows  out  of  minute  openings  in 
the  inner  surface-— or  mucous  membrane,  as  it  is  called— of  the  stomach. 
This  fluid  possesses  the  power  of  cLissolving,  at  the  temperature  of  the  body, 
the  nitrogenized  alimentary  principles,  such  as  albumen,  flbrine,  etc.,  but  ex- 
erts no  solvent  action  upon  starchy  or  fatty  substancea  These  last,  however, 
through  the  joint  action  of  the  saliva  and  the  imiform  warmth  and  motion  of 
the  muscular  walls  of  the  stomach,  are  all  brouglit  into  a  sfemi-fluid  state.  In 
what  manner  the  gastric  juice  is  enabled  to  effiect  the  reduction  of  nitrogen- 
ized food  to  a  nearly  fluid  condition,  is  not  known.  It  is  said  to  contain 
free  hydrochloric  acid,  and  an  org^ic  principle  called  pepsin^  and  to  the 
joint  influence  of  these  two  the  solvent  power  of  the  gastric  juice  has  been 
attributed.* 

The  amount  of  gastric  juice  secreted  by  the  stomach  of  a  well-fed,  grown 
man,  has  been  estimated  at  from  60  to  80  ounocss  in  every  24  hours. 

Digestion  generally  commences  immediately  afler  the  introduction  of  food 
into  the  stomach,  and  is  usually  finished  in  about  four  hours — ^the  food  being 
converted  into  a  grayish,  gruel-like,  slightly  acid  pulp,  called  chyme.  This 
chyme  passes  from  the  stomach  into  the  upper  part  of  the  small  intestines, 
called  the  duodenumj  where  it  is  moistened  by  two  saliva-like  liquids,  the  bUe 
and  the  pancreatic  juicCj  which  are  secreted  by  peculiar  organs  termed  res- 
pectively the  gaU-bktdder  and  the  pancreas.  The  action  of  the  bile  on  the 
food  is  not  well  known,  but  the  pancreatic  juice  acts  instantaneously  on  the 
non-nitrogenous  alimentary  substances,  converting  starch,  etc.,  into  sugar, 
and  the  fatty  matters  into  an  emulsion  which  renders  them  fit  for  absorption. 
After  undergoing  the  action  of  these  liquids,  the  nutritious  matter  presents  a 
uniform  milky  appearance,  and  is  termed  chyle.  In  this  condition  it  is  nearly 
all  absorbed  by  a  system  of  vessels  caUed  the  lactealSj  which  terminate  in  a 
common  reservoir — ^the  iJwracic  duct — which  in  man  is  about  the  size  of  a 
large  goose-quill.  The  thoracic  duct  terminates  in  a  large  vein  near  the  left 
shoulder,  ani  into  this  tlie  chyle  is  discharged  and  passes  forward  to  tho 
lungs,  where  it  assumes  a  red  color  and  becomes  blood.f 

*  Some  years  fdnce  a  French  Canadian  by  the  name  of  St.  Martin,  was  Beverely  injured 
in  the  side  by  the  explosion  of  a  gun,  but  the  wound  finally  healed,  leaving  a  permanent 
orifice  in  the  walls  of  the  stomach  through  which  food  could  be  ititroduoed,  and  all  the  phe- 
nomena of  the  digestion  observed.  From  the  stomach  of  this  person,  also,  gastric  juice 
has  been  taken  out  by  means  of  a  little  cup,  and  chemically  examined.  Professor  F.  8. 
Smith,  of  the  Pennsylvania  Medical  College,  who  examined  the  gastricjuice  thus  obtained  ' 
in  1S57,  states  that  it  contains  hardly  any  hydrochloric  acid,  but  much  lactic  acid ;  and  to 
this  latter  agent  he  ascribes  the  constant  acid  reaction  of  the  stomach.  It  has  also  been 
shown  by  observations  made  through  this  subject,  that  the  food  introduced  into  the  stom- 
ach is  caused  to  revolve  continually  around  its  interior,  the  revolutions  requiring  a  period 
of  from  one  to  three  minutes. 

t  It  is  not  to  be  understood  that  all  food  lingers  in  the  stomach  for  the  space  of  several 

-  -  -  ■  -■ —  —   ■  ™      *  "  ■-" 

QuESTiONB. — ^What  change  does  the  food  undergo  in  the  stomach  ?  What  is  the  gastrio 
juioc  ?  What  quantity  of  gastric  Juice  is  secreted  by  the  stomach  ?  What  period  is  usu. 
ally  required  for  digestion?  What  is  chyme  f  Wlwt  takes  place  when  the  food  leaves 
the  stomaoh  ?  What  is  the  fanctioii  of  the  bile  and  pancreatic  Juices?  What  is  chyle  1 
What  becomes  of  the  chyle  ? 
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That  part  of  the  food  (chyle)  which  is  insoluble,  or  unfit  for  assimilatioii,  ia 
left  unabflorbed  by  the  lacteals,  and  passes  off  through  the  intestines  in  the 
form  of  excrementitious  matter.  ''  How  effectual  the  digestive  process  is  in 
exhausting  what  we  eat  of  its  nutritive  matter  may  be  judged  of  from  the 
fact,  that  a  healthy,  grown  man,  fed  with  ordinary  diet,  r^ects  of  undigested 
and  of  wasted  or  used  up  matter,  both  taken  together,  only  from  four  to  six 
ounces.    And  this  rejected  matter  consists  of — 

Water 3   to4ios. 

Organic  matter. 0]  to  1^  " 

Mineral  matter,  chieflf  phosphates 0^  to  0}   " 

To^jd 4   to6   OS. 

Or  he  dischaiiges  one  to  one  and  a  half  ounces  of  dry  solid  matter  daily.'' — 
Johnson.* 

***.  Respiration « — ^All  animals  as  well  as  vegetables  require,  for  the 
proper  performance  of  their  various  functions  and  their  continued  existence 
in  a  living  state,  a  free  supply  of  atmospheric  air  as  well  as  a  supply  of  food. 
It  is  also  necessary  that  this  sur  should  have  freo  access  to  the  interior  of  their 
structure,  and  the  act  or  process  by  which  this  is  accomplished  is  termed 
ReapinUion, 

The  organs  by  which  the  net  of  respiration  is  performed  differ  essentially 
in  different  species  of  animsds.  In  the  lowest  types  of  the  animal  kingdom, 
as  the  polypes,  respiration  is  accomplished  exclusively  through  the  skin.  In- 
sects also  draw  in  air  into  their  system,  or  in  other  words,  breath,  by  means 
of  organs  called  tracheae,  or  wind-pipes — ^tubes  which  penetrate  in  various 
directions  through  their  bodies,  and  terminate  externally  in  little  orifices 
called  stomata.  If  we  smear  the  body  of  an  insect,  as  a  wasp,  with  thick  dl, 
we  dose  up  the  stomata,  and  the  insect  speedily  dies  of  suffocation.  All 
vertebrate  animals  are  endowed  with  localized  organs  of  respiration,  which 
are  termed  lungs^  or  giUs.  In  man  and  the  higher  animals,  the  *'  limgs  con- 
sist of  two  rounded,  oblong,  somewhat  flattened  masses,  of  very  cellular  aub« 
stance,  situated  in  the  cavity  of  the  chest,  and  communicating  with  the  at- 

hoars.  SoupB  and  nntritions  fluids  which  require  no  "  breaking  down**  in  the  stomaeh, 
pass  from  the  stomach  into  the  intestines  in  a  very  short  period.  Neither  ia  nutriment 
taken  up  wholly  through  the  lacteals  of  the  intestines,  but  a  certain  portion,  in  a  fluid 
state,  by  the  action  of  endosmotic  force,  passes  through  the  walls  of  the  Btomach,  and  is 
mingled  with  the  general  blood. 

*  The  cause  of  the  peculiar  odor  of  faecal  matter  is  in  great  measure  unknown,  although 
scientific  ardor  has  induced  some  chemists  to  undertake  most  repuliEdye  investigations  with 
a  view  of  obtaining  information  on  the  subject.  By  treating  treah  night  soil  with  alcohol 
two  principles  have  been  extracted,  viz.,  a  crystalline,  slightly  alkaline  substance,  named 
esxrtHne^  and  an  acid  called  ezcretolic  acid ;  but  little,  however,  is  known  concerning  them. 
It  has  also  been  ascertained  that  when  albuminous  compounds  are  heated  with  hydrate 
of  potash,  and  the  residue  distilled  with  sulphuric  acid,  an  odor  characteristic  in  an  in- 
tense degree  of  foecal  matter  is  produced. 

QxTEBTXONB. — What  becomes  of  the  nnassimilated  matter  ?  What  is  respiration 9  How 
is  respiration  effected  in  different  animals  ?  What  is  the  constitution  of  the  lungs  in  man 
and  the  higher  animals? 
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mospbere  tbrougli  t'ue  wind- 
pipe, or  tracbeae..  Tho  general  Fio.  243, 
form  of  the  haman  lun^  is 
represented  ia  Fig.  213.  Tba 
air  or  wind-pipe,  a  6,  as  it  de- 
scends rrom  the  throat,  braacb- 
ca  oS  mUi  large  (bronchial) 
tubo^  e  e,  and  these  again  into 
smaller  and  still  smaller,  and 
finallj  into  hair-like,  or  capil- 
lary vessels.  These  capillary 
tubes,  in  turn,  communicate 
with  little  alT'CeUs  contained 
in  on  elastic  membrane,  go 
minute  that  the  number  exist- 
ing in  the  lungs  of  a  full-grown 
man  is  eslJm&ted  at  €00  mil- 
lions, and  between,  or  imbed- 
dod  in  these  cells,  blood-vessels 
equally  minutoaro  distributed 
in  every  direction.  The  ap- 
pearance of  tlie  air-cells  and  blood-vessels  of  the  lungs,  aa  aeon  under  the 
tnicroscope,  is  represented  in  Pig.  243. 

I  motion  of  the  lungs  in  respiration  is  analogous 
i  notion  of  the  leather  of  a  pair  of  bellows, 
wo  inhale,  the  cavity  of  the  chest  or  thorai  is 
expanded  by  muscular  action,  and  a  v(Kuum  is  formed 
around  the  bmgs,  in  consequence  of  which  the  erter- 
ir  instantly  rashes  io  and  penetrates  to  the  ro- 
ll parts  of  the  cellular  substance.     When  wo  ex- 
hale,  the  thorax  contracts,  and  tlio  air  contained  in  the 
is  expelled,  the  muscles  of  the  wind-pipe  at  the 
time  contracting  in  order  to  aasiat  the  process. 
In  ordinary  respiration,  a  man  makes  IT  or  IS  respi- 
rations per  minute,  during  each  of  which  he  draws 
in  about  20  cubic  inches  of  BJr,  or  between  3  and  4 
thousand  gallons  per  day.    In  man  also  the  skin  is  to 
n  respiratoiy  organ,  through  which  air 
enters  and  escapes,  as  it  does  from  the  air-TeseeU  of 
the  ItmgB,  though  less  rapidly.* 

^r  «[uble  of  exerdsLng;  th« 
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« 

The  composition  of  the  air  which  escapes  from  the  lungs  is  not  the  same 
as  that  which  enters,  and  is  found  to  contain  a  greatly  increased  quanfitj  of 
carbonic  acid  and  vapor  of  water,  and  a  diminished  percentage  of  oxygen; 
the  quantity  of  nitrogen,  however,  remains  nearly  unaltered. 

The  amount  of  pure  carbon  which  is  thrown  oif  from  the  lungs  of  a  full-grown 
man,  in  the  form  of  carbonic  acid,  in  a  space  of  24  hours,  varies  from  5  to 
15  ounces ;  while  the  quantity  which  escapes  from  the  skin  also  during  the 
same  period,  by  respiration,  ia  estimated  at  from  50  to  60  grains.  The 
amount  of  water  exhaled  from  the  lungs  and  skin  in  24  hours  probably 
averages  about  3  or  4  pounds. 

The  lungs  extract  or  absorb  from  the  air  which  enters  them  from  one 
seventh  to  one  fifth  of  its  oxygen,  and  the  absolute  weight  of  the  oxygen 
thus  introduced  into  the  system  in  a  day,  is  estimated  to  be  equal  to  about 
one  fourth  of  the  weight  of  the  whole  food,  solid  and  liquid,  which  an  ani- 
mal consumes.  The  absorption  of  oxygen  takes  place  in  the  minute  air- 
cells  of  the  lungs,  through  the  thin  membraneous  walls  of  which  it  passes  by 
the  action  of  endosmosis  into  the  adjacent  blood-vessels,  and  combines  with 
the  blood  oont^dned  in  them,  imparting  to  it  the  bright  scarlet  color  which  is 
characteristic  of  arterial  blood. 

827.  0868  of  Respiration . — From  what  has  been  already  said,  it 
must  appear  evident  that  the  principal  object  of  respiration  is  to  introduce 
oxygen  into  the  blood,  which  contains  the  nutritive  portion  of  the  food  taken 
into  the  stomach.  The  purpose  which  oxygen  subserves  in  the  blood  is 
three-fold : — 

I.  It  assists  in  tmUding  up  ths  svhstofncB  of  the  body.  The  composition  of 
gluten,  albumen,  and  the  other  nitrogenized  vegetable  principles,  is,  as  has 
been  bef9re  stated,  very  nearly  the  same  as  that  of  the  corresponding  prin- 
ciples in  animal  tissues ;  yet  chemical  investigations  have  shown  that  the 
former  require  to  be  combined  with  a  certain  proportion  of  oxygen  before 
they  can  become  incorporated  in  the  substance  of  the  body.  This  oxygen 
is  supplied  through  the  lungs,  but  the  quantity  thus  used  for  restorative  pur- 
poses is  small. 

II.  It  assists  in  removing  waste  and  effete  matters  from  the  system.  The 
expenditure  of  every  kind  of  force  in  the  animal  system  is  accompanied  by, 
or  requires  an  expenditure  or  change  in  animal  matter.  The  particles  of 
matter  which  have  once  undergone  such  change,  or  have  once  dischaiged 
their  functions,  become  inoperative,  or  waste,  and  their  removal  from  the  sys- 
tem is  necessary  to  a  continuance  of  healthy  action.  Now  the  agent  which 
mainly  effects  the  change  in  the  first  instance,  and  removal  of  the  waste  pro- 

QuvnoifB.— What  is  the  composition  of  the  air  which  escapes  from  the  luogsf  What 
amount  of  carbon  passes  from  the  system  by  respiration  f  What  amount  of  water  Is  ex- 
haled from  the  lungs  and  skin  ?  What  proportion  of  oxygen  is  absorbed  by  the  Icngs 
from  the  air  ?  In  what  part  of  the  lungs  does  the  absorption  of  ox]^pen  take  place  f  What 
is  the  use  of  respiration  ?  What  purpose,  subserved  by  oxygen  in  the  blood,  is  first  men- 
tioned f  What  ia  the  second  end  attained  to  f  How  does  oxygen  remove  waste  matters 
from  the  system  9 
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ducts  in  the  second,  is  the  oxygen  absorbed  by  the  blood  in  the  lungs. 
Thus  muscle,  by  the  addition  of  oxygen,  becomes  decomposed,  and  passes  in 
a  state  of  solution  into  the  veins,  from  whence  it  is  secreted  by  various  organs, 
and  finally  thrown  out  from  the  system. 

Urine  • — ^The  channel  through  which  most  of  the  products  of  the  de- 
composition of  the  azotized  bodies  and  many  of  the  waste  mineral  salts  pass 
out  of  the  body,  is  the  urine.  This  liquid,  which  is  secreted  by  the  kid- 
neys from  the  blood,  also  serves  to  remove  any  superfluous  water  from  the 
system.  Its  princijial  constituents  are  two  complex  organic  substances 
termed  urea  and  uric  add^  which  are  composed  of  carbon,  hydrogen,  nitro- 
gen, and  oxygen,  and  readily  furnish  by  their  decomposition  various  salts  of 
ammonia  In  addition  to  these  products,  urine  contains  phosphates  of  lime, 
magnesia,  and  soda,  sulphates  of  potash  and  soda,  cHloride  of  sodium,  lactic 
acid,  and  certain  imperfectly  known  organic  principles,  including  a  coloring 
and  an  odoriferous  substance.  All  these  substances  exist  in  the  urine  dis- 
solved in  water,  which  constitutes  more  than  nine  tenths  by  weight  of  the 
whole  secretion. 

III.  The  oibsorption  of  oocygen  produces  animal  heat.  This  is  accomplished 
by  the  oxydation  or  conlbustion  of  the  constituents  of  the  non-nitrogenized 
food  existing  in  the  blood.  The  reasons  which  lead  us  to  this  inference  may 
be  briefly  stated  as  follows : — 

If  a  fat  animal  be  deprived  of  nourishment  for  some  days,  it  will  rapidly 
diminish  in  weight.  This  result  is  the  necessary  consequence  of  the  fact, 
that  the  animal  is  continually  throwing  off  carbonic  acid  and  water  from  the 
lungs  and  skin,  and  urea  and  mineral  constituents  through  the  excretory 
organs,  and  receiving  no  food  to  replace  them. 

If  we  examine  the  condition  of  an  animal  afler  this  period  of  starvation,  we 
find  the  loss  of  weight  and  substance  is  most  remarkable  in  the  fat  of  the 
body,  which  has  diminished  in  far  greater  proportion  than  any  of  its  other 
constituent  substances.  Careful  examination  also  shows  that  this  fat  has 
not  passed  off  as  liquid  or  solid  excrement,  but  has  been  converted  in  the 
blood,  by  oxydation,  into  carbonic  acid  and  water,  and  in  this  condition  has 
been  breathed  away  through  the  lungs  and  skin.  If,  however,  instead  of 
starving  the  animal,  we  give  it  abundance  of  fat  in  its  food,  then  the  fat  of 
its  own  body  will  suffer  no  diminution,  but  the  oxygen  taken  into  the  blood 
will  transform  the  fat  of  the  food  into  carbonic  acid  and  water,  and  these  will 
bo  breathed  out  of  the  lungs  as  before.  The  same  end  will  als6  be  attained 
if  instead  of  fat  we  give  food,  like  starch  and  sugar,  which  is  analogous  to 
fat  in  its  composition. — Johnson. 

Now  when  carbon  and  hydrogen  compounds,  t.  c,  fat,  starch,  sugar,  etc., 
are  oxydized  or  burned  in  the  open  air,  carbonic  acid  and  vapor  of  water  are 
produced,  and  heai  is  evolved.  The  same  action  must  necessarily  be  attended 
with  the  same  results  in  the  body,  and  we  have,  therefore,  an  explanation  of 

QinesTiONS.— -What  is  urine  ?  What  is  the  composition  of  this  secretion  ?  What  third 
purpose  is  subserved  by  oxygen?  How  does  the  absorption  of  oxygen  occasion  animal 
heat  ?    What  reasons  lead  to  this  inference  ? 
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the  pfaonomenon  of  animal  heat  Farthermore,  all  experiments  show  that  tbe 
amount  of  heat  generated  by  burning  (oxydating)  a  certain  quantity  of  £kt, 
etc.,  is  the  same,  whether  the  combustion  takes  place  in  a  fiimaoe  or  in  the 
animal  system. 

The  oxydation  of  fat  and  the  other  constituents  of  the  blood  is  siipjxjsed  to 
take  place  mainly  in  the  minute  vessels  or  pass^<^s,  termed  capillary  vessel^ 
which' unite  the  ultimate  subdivisions  of  the  v  Js  and  arteries,  and  are  dis- 
tributed over  every  part  of  the  body  where  nervous  influence  is  perceptible. 
]n  these,  the  arterial  blood,  coming  from  the  lungs  and  possessing  a  scarlet 
color,  gives  up  its  oxygen  to  tlie  substances  witli  which  it  is  brought  in  coii' 
tact,  and  receives  in  return  the  products  of  oxydation,  carbonic  acid  and 
water.  It  also  changes  in  color  from  a  bright  to  a  dark  red,  and  returning 
through  the  veins  to  the  lungs,  through  the  action  of  the  heart,  passes 
into  the  minute  blood-vessels  of  the  lungs,  wliieh  are  surrounded  by  the  air- 
cells.  Here  the  carbonic  acid  and  excess  of  water  pass  out  through  the 
walls  of  the  membraneous  tissue  inclosing  tliem  through  endosmotic  action, 
and  by  the  act  of  exhalation  are  forced  into  the  air;  while  at  the  same  time 
oxygen  from  without  is  by  similar  means  carried  inward,  and  the  blood,  re- 
stored to  its  arterud  condition,  returns  upon  its  circuit  to  oQect  the  same 
changes  and  undergo  the  same  transformation. 

Animals  whose  respiratory  organs  are  small  and  imperfect,  and  which,  there- 
fore, consume  but  a  comparatively  small  amount  of  oxygen,  possess  a  bodily 
temperature  but  little  elevated  above  that  of  the  medium  in  which  they  live ; 
animals,  on  the  contrary,  whose  lungs  are  large  in  proportion  to  their  bodies, 
and  respire  frequently,  possess  the  highest  bodily  tamperature.  In  man, 
the  meaft  temperature  of  the  body  is  about. 98^  F.  The  temperature  of  a 
healthy  child,  who  consumes  proportionally  more  oxygen  and  respires  more 
frequently  than  an  adult  person,  is  somewhat  higher,  102°  F.  In  birds  tlio 
temperature  is  from  104°  to  108°  F.  The  temperature  of  the  same  animal 
also  at  dififerent  times,  varies  with  the  activity  of  the  respiration.  When  the 
blood  circulates  slowly,  and  the  temperature  is  low,  the  quantity  of  oxygen 
consumed  is  comparatively  small ;  whep,  on  the  contrary,  the  circulation  by 
vigorous  exercise  or  labor  is  accelerated,  a  large  quantity  of  oxygen  disap- 
pears, and  the  animal  heat  rises. 

828.  Nature  and  Functions  of  Food . — ^A  careful  consider- 
ation of  all  the  facts  connected  with  the  subjects  of  nutrition  and  respiration, 
has  led  to  the  division  of  all  animal  nutriments  into  two  great  classes,  viz., 
those  which  are  devoted  to  the  repair  and  nutriment  of  the  body,  and  those 
whose  duty  it  is  to  furnish  animal  heat  by  combustion  in  the  blood.  The 
former  have  been  termed  by  Liebig  the  plastic  elements  of  nutrition^  and  the 
latter  the  elements  of  respiration. 

QiTEsnoNS. — Explain  the  manner  in  which  the  oxydation  of  matter  takes  place  throngta 
the  circulation.  What  relation  exists  between  the  frequency  of  respiration  and  the  ani- 
mal temperature  ?  How  does  vigorous  exercise  increase  the  temperature  of  the  system  f 
Into  what  two  classes  are  all  animal  nutriments  divided  ?  What  are  called  plastic  ele- 
ments of  nutrition  ? 
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The  sabstaDces  included  in  the  first  class  are  exclusively  the  protein  com- 
pounds, viz.,  vegetable  JWrine  (gltUen)^  vegetable  aJUbwrnen,  vegetable  caseine^  am- 
mai  flesh  and  blood.  These  only  have  the  power  oi'  reproducing  muscular 
and  nervous  material,  and  these  only  can  afiford  nourishment  and  support  in 
the  strict  sense  of  the  term.  In  a  state  of  great  purity,  these  bodies,  however, 
are  not  alone  sufficient  for  the  due  maintenance  of  the  vital  powers.  The  ex- 
periment has  been  frequently  tried  on  animals,  and  alwajrs  with  a  negative 
result.  Certain  of  the  non-azotized  substances,  and  certain  saline  compounds 
which  are  always  present  in  natural  food,  are  also  required. 

The  elements  of  respuution  are/a^,  starchy  gurriy  sugar ^  alcohol^  etc  Gelatine 
also  probably  belongs  to  this  class,  inasmuch  as  it  has  never  been  found  in 
the  blood,  and  is  supposed  to  be  converted  in  the  process  of  digestion  into 
sugar  and  ammonia  compounds.  These  substances  alone,  are  still  less  capa- 
ble of  supporting  life  than  the  simple  protein  principles. 

829.  The  quantity  of  food  required  by  an  animal  for  purposes  of  nutrition 
or  respiration  varies  greatly  under  different  circumstances.  When  the  waste 
of  muscular  or  nervous  material  is  great,  a  large  supply  of  nitrogenized  food, 
or  that  rich  in  the  elements  of  nutrition  will  be  required.  When  the  body  is 
exposed  to  severe  cold  or  to  violent  exercise,  the  loss  must  be  met  by  a  pro- 
portionate increase  in  food  rich  in  the  elements  of  respiration.  In  the  food 
most  abundantly  provided  by  nature  for  animals^  the  cereal  grains,  vegetables, 
and  ordinary  meat,  both  forms  of  nutriment  abound.  In  tropical  countries, 
where  the  loss  of  animal  heat  is  small,  and  where  muscular  power  and  mo- 
tion are  less  required  and  employed,  the  waste  of  tno  body  is  greatly  dimin- 
ished, and  a  comparatively  small  quantity  of  food,  both  for  fuel  and  nourish- 
ment, is  required.  The  inhabitants  of  such  countries,  therefore,  live  mainly 
on  rice  and  fruits — substances  which  contain  a  large  amoimt  of  oxygen,  and 
are  therefore  less  adapted  to  furnish  animal  heat  by  oxydation  in  the  blood. 
The  desire  for  animal  food,  under  such  circumstances,  is  very  slight,  and  is 
sometimes  altogether  absent  In  cold  countries,  on  the  contrary,  a  greater 
quantity  of  the  elements  of  respiration  is  needed  to  generate  the  proper 
amount  of  heat,  and  at  the  same  time,  as  the  air  is  much  colder  and  therefore 
more  condensed,  a  larger  quantity  of  oxygen  is  taken  into  the  lungs  at  each 
inspuration.  The  inhabitants  of  such  countries,  therefore,  consume  enormous 
quantities  of  food  of  a  fatty  nature — sabstances  rich  in  hydrogen  and  emi- 
nently combustible,  and  which,  weight  for  weight,  generate  a  larger  amount 
of  heat,  when  oxydated  or  burned  in  the  blood,  than  any  other  products  that 
can  be  taken  as  food.  Navigators  exposed  to  the  intense  cold  of  the  Arctic 
regions,  '^hare  to  a  certain  extent  with  the  Esquimaux,  the  same  liking  for 
blubber  and  train  oil,  which  in  milder  latitudes  they  regard  with  aversion. 

830.  The  fat  and  oils  found  in  animal  tissues  appear  to  be  stores  of  respi- 


QuESTioNB. — Can  these  substances  in  a  state  of  purity  alone  suffice  for  food  ?  What 
are  the  elements  of  respiration  ?  What  is  said  of  the  quantity  of  food  required  by  ani- 
mals for  the  purposes  of  nutrition  or  respiration  ?  What  effect  has  climate  on  the  wants 
•f  Uie  system  ?    What  is  said  of  the  accumulation  of  fat  and  oils  in  the  animal  system  t 
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ratorj  food,  laid  up  by  nature  against  time  of  need.  They  aocomulate  most 
in  the  system  when  lat  itseUI  or  the  compounds  containing  its  elements,  are 
supplied  in  excess  as  food,  and  when  the  animal,  through  lack  of  active  exer- 
tion, absorbs  but  little  oxygen,  and  consequently  experiences  but  little  waste.* 

When  the  supply  of  food  is  wholly  withheld  from  the  animal,  the  fiit,  as 
the  most  combustible  substance,  and  tlie  one  most  capable  of  supplying  car- 
bon and  hydrogen  to  meet  the  wants  of  respiration,  rapidly  disappears.  When 
this  has  all  be^n  consumed,  the  muscles  are  next  attacked,  and  last  of  aQ  the 
substance  of  the  braui  and  nenres ;  then  insanity  intervenes,  and  the  animal 
dies,  like  a  lamp  or  candle  that  has  been  burnt  out 

831.  The  main  difference  between  beef  and  bread,  which  two  substances 
may  be  regarded  as  the  representatives,  or  types  of  animal  and  vegetable 
food,  is,  firstt  that  the  flesh  does  not  contain  starch,  which  is  so  large  an  in^ 
gredient  in  vegetable  products ;  and  second^  that  the  proportion  of  fibrine  in 
ordinary  flesh  is  about  three  times  greater  than  its  corresponding  element, 
gluten  (vegetable  fibrine),  is  in  bread.  It  therefore  follows,  that  a  pound  (tf 
beef-steak  is  as  nutritive  as  three  pounds  of  wheaten  bread,  in  so  &r  as  the 
nutritive  value  of  food  depends  upon  this  one  ingredient  In  meat,  also,  iaX 
to  a  certain  extent  represents  and  replaces  the  starch  of  vegetable  food. 

The  relative  nutritive  value  of  the  different  meats  is  as  follows :  beef  is  liie 
most  nutritious,  then  chicken,  pork,  mutton,  and  veal.  Of  vegetable  produo- 
tions,  the  cereals  generally  rank  first  as  respects  nutritive  value ;  after  them 
come  the  seeds  of  leguminous  plants,  peas,  bean^  eta ;  then  the  cabbage,  onion, 
turnips,  carrots,  potatoes,  rice,  and  watery  finits.  "  The  dried  potato  is  less 
nutritive,  weight  for  weight,  in  the  sense  of  supporting  the  strength  and  en- 
abling a  man  to  undei^go  fatigue,  than  any  other  extensively  used  food  of 
which  the  composition  is  known,  with  the  exception  of  the  rice  and  of  the 
plantain."  Fish  in  general  contains  more  fibrine  and  less  fat  than  flesh-meat^ 
and  is  highly  nutritious. 

Salted  meat  is  less  nutritious  than  firesh  meat  The  application  of  salt  to 
meat  causes  the  fibers  to  contract,  and  the  juices  to  flow  out  from  its  pores. 
Hence  fresh  flesh  over  which  salt  has  been  strewed  is  found,  after  the  lapse 
of  a  little  time,  to  be  swimming  in  its  own  brine,  although  not  a  drop  of 
water  has  been  added.  The  juice  thus  extracted  contains  a  large  proportion 
of  the  nutritive  constituents  of  the  meat,  t.  e.,  albuminous  compounds,  with 
the  alkaline  and  earthy  phosphates.  Hence  the  continued  and  exclusive  use 
of  salt  provisions  occasion  a  disease  called  the  scurvy,  in  which  the  blood 
becomes  impaired  mainly  through  a  lack  of  the  soluble  mineral  salts  which  are 
removed  fi\>m  the  meat  by  the  brine. 


*  This  principle  is  applied  in  the  fattening  of  animals,  by  compelling  them  to  remain 
inactive  by  confinement  in  stalls  or  pens,  and  at  the  same  time  supplying  them  plenti- 
fully with  rich,  oily  food. 

QTrESTioNB. — ^What  takes  place  when  the  animal  is  deprired  of  food  ?  What  is  the  dif- 
ference between  beef  and  bread  as  respects  nutritive  qualities  ?  What  is  the  relatrrs 
values  of  different  meats  and  vegetables?    What  is  said  of  salted  meat  ? 
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The  preservation  of  fresh  meat  by  salting  is  due  to  a  separation  of  its 
water,  to  an  exclusion  of  air  through  a  contraction  of  the  fibers  of  the  meat, 
and  upon  the  formation  of  a  compound  of  the  flesh  and  the  salt,  which  does 
not  readily  undergo  decay. 

832.  Relation  between  Animals  and  Plants. — ^All  the 
various  forms  of  matter  which  are  essential  to  the  existence  of  living  organ- 
isms are  in  a  constant  state  of  cux)ulation.  Thus,  the  essential  constituents 
in  the  formation  of  vegetable  products  are  carbonic  acid,  ammonia,  and  water. 
Plants  absorb  these  from  the  soil  or  from  the  atmosphere,  and,  under  the  in- 
fluence of  sun-light  and  the  vital  principle,  rearrange  and  organize  them  into 
vegetable  tissue,  starch,  sugar,  fat,  and  the  protein  compounds.  These  sub- 
Btances  constitute  the  food  of  animals,  and  after  employment  in  their  systems, 
and  after  passing  tlux>ugh  various  decompositions,  they  are  again  restored  to 
the  earth  and  the  atmosphere  in  the  form  of  carlAnic  add,  water,  and  ammo- 
nia :  and  are  once  more  rendered  capable  of  assimilation  by  plants.  Thus  an 
uninterrupted  and  perpetual  chain  of  vital  phenomena  is  established  from  in- 
animate matter  to  the  living  plant,  and  from  the  living  plant  to  the  living, 
sentient  animal,  and  the  products  of  one  order  of  beings  become  the  suste- 
nance of  the  other. 

833.  Conclusion . — "  What  has  been  called  organic  chemistiy  is  no- 
thing but  a  name,  and  a  wrong  one.  There  is  really  no  such  science ;  it  is 
only  the  chemistry  of  inorganic  forms,  of  substances  that  have  been  living 
but  are  now  dead— of  the  mere  refuse  and  remains  of  organization.  The 
composition  of  those  favored  materials  from  which  the  vegetable  world  weaves 
its  tissues — ^water,  carbonic  acid,  and  ammonia — ^is  known.  The  composition 
of  the  proximate  principles  which  are  extractable  by  easy  processes  from  dead 
plants  and  animals,  is  also  known.  But  the  composition  of  the  truly  living 
tissues  neither  is,  nor  can  be  understood.  They  die  the  moment  chemistry 
puts  her  finger  on  them.  She  can  trace  the  constructive  elements  into  the 
structure  of  the  living  animal  or  plant,  and  out  of  it,  but  not  in  it  What 
may  be  their  mode  of  arrangement,  or  of  their  possible  ingredients  in  matter 
which  is  genuinely  alive,  scientific  investigation  &ils  to  reveal  The  livmg 
fi^une  of  the  meanest  animal  or  plant  is  sacred  and  enchanted  ground,  where 
the  chemist  can  only  take  the  shoes  off  his  feet  and  confess  the  sanctity  and 
inviolabiUty  oflife." 

Questions. — ^How  does  salt  preserve  meat  ?  What  is  said  of  the  relation  of  animals 
and  plants?  What  does  organic  chemistry  really  consider  ?  Do  we  actually  know  the 
composition  of  a  living  tissue  f 
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Apparatni  -—The  apparatus  essential  for  iUustrating  and  facilitatiiig 
tlio  study  of  chemistry,  need  not  be  of  necessity  expensive  or  complex.  With 
the  somewhat  popular  idea^^owever,  that  a  course  of  expenmental  chem- 
istry can  be  successiiilly  conducted  with  an  apparatus  improyised  from  a  &w 
bottles,  tobaooo-pipes,  and  glass  tubing,  the  author  has  no  sympathy.  Chem- 
ical experiments  are  most  easily  and  successfully  performed  with  apparatus 
especially  constructed  for  the  purpose^  and  what  is  saved  in  expense  by 
using  imperfect  and  unsuitable  materials,  will  be  more  than  lost  in  time  and 
vexation  of  spirit  It  is  no  doubt  true  that  many  eminent  chemists  have  in- 
stituted important  investigations,  and  performed  brilliant  experiments,  with 
exceedingly  simple  or  imperfect  apparatus ;  but  it  is  also  equally  true,  that 
the  tact  and  ability  required  to  overcome  the  inherent  difficulties  of  such  an 
undertaking,  have  been  deemed  sufficiently  singular  to  occasion  especial 
comment  In  short,  it  is  only  the  operator  rendered  skillful  by  long  expe> 
rience  and  practice  who  is  able  to  work  successfully  in  chemistry  with  poor 
materials,  and  not  the  tyra 

We  believe,  therefore,  the  most  practical  advice  that  can  be  given  to  teachers 
and  students  who  are  lacking  in  experience,  is  to  procure  the  very  best  appa- 
ratus their  resources  will  admit  o^  as  being  in  the  end  the  dieapest  and  most 
serviceabla 

In  purchasing  apparatus  it  will  be  found  advisable,  ^Iso,  to  first  send  to 
some  one  or  more  of  the  prominent  dealers  ui  Boston,  New  York,  or  Phila- 
delphia, for  an  illustrated  and  priced  catalogue  of  their  stock.  In  this  way 
the  purchaser  will  be  enabled  to  make  his  selections  most  judiciously  and 
economically. 

The  following  articles  will  be  found  most  serviceable  and  Indispensable  for 
a  short  course  of  chemical  experimentation : — A  copper  flask,  with  adjustable 
tube  and  collar,  for  generating  oxygen  gas;  a  retort  stand  with  movable 
rings  of  various  sizes ;  a  glass  (4  oz.)  spirit-lamp ;  2  dozen  test  tubes  and 
stands;  2  wide-mouth,  stoppered  glass  jars,  or  receivers;  2  tall  and  plain 
cylindrical  air-jars  (see  Fig.  87) ;  4  to  6  fiat-bottom,  thm  glass  flasks,  suitable 
for  generating  hydrogen,  hydrosulphuric  and  carbonic  acid  gases  (see  Figs, 
101,  126,  130);  1  one  quarter  pint  stoppered  retort  and  receiver;  1  one  half 
pint  do.,  plain ;  a  gas-bag,  provided  with  stop-cock  and  bubble-pipe ;  a  set 
of  small  porcelain  basins ;  glass  tubing  and  small  glass  rods  for  stirrers,  etc. ; 
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2  small  glass  funnels ;  a  deflagrating  ladle  or  spoon ;  a  small  wodgc-wood 
mortar  and  pestle;  a  blow-pipe;  platinum  foil  and  wire;  filtering-paper, 
test  papers ;  set  of  cork-borers ;  a  steel  spatula ;  a  strip  of  sheet  caoutchouc ; 
a  round  and  a  three-cornered  file  for  filing  corks,  cutting  glass  tube,  etc. ;  a 
nest  of  earthen  crucibles ;  and  two  small  porcelain  crucibles. 

A  pair  of  gasometers,  oxjgen  and  hydrogen,  arranged  in  such  a  way  as  to 
admit  of  being  used  conjointly  as  a  compound  blow-pipe  (see  Fig.  102)  are  al- 
most indispensable.  They  are  now  made  of  small  size,  and  at  a  very  moder- 
ate expense,  and  constitute  an  exceedingly  durable,  serviceable,  and  orna- 
mental article  of  laboratory  furniture.  A  Berzelius  spirit-lamp  (see  Fig.  173) 
will  obviate,  to  a  great  degree,  the  necessity  of  ever  using  a  furnace.  The 
operator  can  easily  arrange  a  pneumatic  trough  after  any  of  the  models  given 
on  page  197,  to  suit  his  own  convenience. 

In  addition  to  the  articles  thus  specified,  there  are  many  others,  such  as  a 
small  galvanic  battery,  an  apparatus  for  decomposing  water,  specific  gravity 
bottles,  thermometers,  scales  and  weights,  etc.,  etc.,  the  necessity  for  which 
will  depend  in  a  great  measure  upon  the  extent  and  fullness  of  the  course 
of  experimentation  prescribed  or  adopted. 

In  regard  to  chemical  reagents,  the  following  is  a  list  of  the  more  impor- 
tant :  the  acids,  sulphuric,  hydrochloric,  nitric,  acetic  and  oxalic ;  potassium, 
sodium,  ammonia  (aqua),  carbonate  of  ammonia,  sal-ammoniac,  phosphorus, 
caustic  potash,  carbonate  of  soda,  black  oxyd  of  manganese,  chlorate  of  pot- 
ash, alum,  sulphur,  bone-black,  iodine,  bleaching  powder,  acetate  (sugar)  of 
lead,  iodide  of  potassium,  sulphate  of  copper  (blue  vitriol),  sulphate  of  iron 
(green  vitriol),  borax,  bi-chromate  of  potash,  ferrocyanide  of  potassium  (yel- 
low prussiate  of  potash),  fluor  spar,  arsenious  acid,  metallic  antimony,  fine 
iron-wire,  sheet  zinc,  tin  foil,  copper  turnings,  chloride  of  barium,  chloride  of 
strontium,  lime  water,  metallic  mercury,  chloride  of  mercury  (corrosive  subli- 
mate), saltpeter,  nitrate  of  silver,  alcohol,  ether,  and  bees- wax. 

Of  the  above-mentioned  reagents,  it  is  recommended  to  have  the  following 
(iu  solution)  arranged  upon  a  convenient  stand,  or  tray,  in  clear  glass  bottles, 
fitted  with  ground  glass  stoppers,  and  of  the  capacity  of  about  a  half  pint : 
sulphuric  acid  dilute ;  do.  strong  (oil  of  vitriol) ;  nitric  dilute ;  do.  concen- 
trated ;  hydrochloric  acid ;  acetic  acid ;  oxalic  acid ;  aqua  ammonia ;  carbonate 
of  ammonia ;  chloride  of  ammonium  (sal  ammoniac) ;  chloride  of  barium ; 
lime  water ;  caustic  potash ;  caustic  soda ;  carbonate  of  soda ;  sulphate  or 
copper ;  ferrocyanide  of  potassium ;  chlorine  water ;  chloride  of  mercury  (cor- 
rosive sublimate) ;  bi-chromate  of  potash ;  sulphindigotio  acid ;  acetate  of 
lead ;  perchloride  of  iron ;  alcohol  and  ether.  Also  the  following  in  solution 
in  1  or  2  ounce  bottles:  iodide  of  potassium;  nitrate  of  silver;  chloride  of 
platinum:  Reagent  bottles  suitable  for  this  purpose,  with  printed  labels  and 
formula,  may  be  obtained  of  all  dealers  in  chemical  apparatus. 

Most  of  the  reagents  needed  for  ordinary  chemical  experiments  are  ex- 
ceedingly cheap,  and  may  be  procured  of  any  druggist. 

The  teacher  would,  however,  do  well  to  bear  in  ruiid,  that  if  his  resources 
in  apparatus  and  chemical  reagents  are  limited,  he  ^an  supply  himself  almost 


004  APPENDIX. 

without  cost  and  with  but  little  trouble,  with  abundant  materialB  for  render- 
ing  hia  instructiooa  both  interesting  and  practical  Thus,  he  has  in  the  com- 
mon varieties  of  coal,  gas-carbon,  plumbago  (black-lead),  coal-tar  and  ooal- 
oUs,  all  readily  accessible— the  best  materials  for  illustratmg  the  study  of 
carbon ;  and  in  wood-ashes,  common  potash,  carbonate  of  soda^  Jime,  mar- 
ble, spar,  ojster-shells,  gypsum,  chalk,  £psom  salts,  common  salt,  and  alum, 
the  best  illustrations  of  the  alkalies,  the  alkaline  earths,  and  their  compounds. 
In  like  manner,  specimens  of  most  of  the  ores,  the  common  metals,  and  their 
oxyda,  the  products  of  the  smelting  furnace,  the  glass-house,  and  the  pottery, 
with  a  great  variety  of  organic  compounds,  may  be  easily  collected ;  and  it 
is  by  such  simple  and  common  objects  that  the  applications  of  chemistiy  to 
the  wants  and  employment  of  every-day  life  are  made  most  ^miliar. 

The  operator  will  also  find  it  an  advantage,  in  preparing  and  arrangmg 
apparatus,  to  have  some  work  on  chemical  manipulations  for  consultation  ; 
such  as  MorfBt's,  Noad's,  or  Williams*  Chemical  Manipulations,  or  Bowman's 
Practical  Chemistry. 


The  present  work  constitutes  the  third  of  a  Series  of  Educational  Text- 
books on  Scientific  Subjects,  arranged  upon  the  same  general  plan  by  the 
same  author — the  two  others  being  '*  Wells*  Natural  Philosophy,*'  and 
"  Wells*  Science  of  Common  Things.** 

It  has  been  the  aim  of  the  author  to  render  these  works,  in  the  highest 
sense  of  the  term,  practical,  and  at  the  same  time  interesting  to  the  student 
Advantage  has  also  been  taken  of  the  very  latest  results  of  sotentific  diaooveiy 
and  research. 
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ACETTUB,  444 

Acetates,  447 
Acid,  acetic,  445 

.antimonic,  881 

ara^nic,  382 

arsenious,  381 

benzoic,  473 

boracic,  277 

butyric,  429 

carbonic,  290 

chloric,  247 

chromic,  363 

citric,  452 

Creole,  425 

cyanic,  293 

ferric,  361 

flaosillcic,  280 

formic,  447 

folmlnic,  299 

gallic,  464 

hamic,  425 

hydrochloric,  242 

hydrocyanic,  298 

hydrofluoric,  257 

hydroflaosilicic,  28t 

hydroBulphuric,  266 

hypochlorlc,  247 

hypochlorous,  245 

hyponitrlc,  234 

hyposiilphuroas,  265 

lactic,  429 

mallic,  452 

manganic,  363 

margaric,  467-^9 

muriatic,  242 

nitric,  228 

nitro-muriatic,  245 

nitrouH,  234 

oleic,  467-^9 

oxalic,  451 

"pectlc,  416 

phosphoric,  274 

phosphorous,  275 

prussic,  298 

pyroligneous,  410 

silicic,  279 

stearic,  467-469 

succinic,  473 

Bulphindigotlc,  460 

Bulphnric,  262 

•nlphurons,  260 

taimic,  452 


Add,  tartaric,  452 
uric,  497 
▼alerianic,  449 
Acids,  classification  of,  173 
defined,  174 
vegetable,  450 
Acidification,  theory  of,  445 
Aconite,  457 
Acroleine,  470 
Actinism,  126 
Adhesion,  14 

and  chemical  action,  32 
force  of,  33 

influence  of  on  boiling  point,  97 
Adipoeere,  470 
Aeriform  bodies,  18 
Affinity,  characters.o^  159 
defined,  16 

degrees  of,  how  manifested,  160 
Illustrations  of,  16 
measure  of  the  force  of,  159 
Air,  analysis  of,  227 
composition  of,  224 
does  not  exist  without  yapor,  92 
how  heated,  72 
in  water,  216 

Influence  of  on  boiling  point,  97 
organic  bodies  in,  226 
Alabaster,  343 
Albumen,  421 

animal,  482 
Albuminous  substances,  423 

nutritive  value  of, 
424 
Alchemists,  views  of,  157 
Alcohol,  433 

absolute,  439 

amylic,  448 

methylic,  447 

sources  of,  443 

wine,  439 
Alcoholometer,  28,  440 
Aldehyde,  445 
Alkalies,  defined,  174 

general  properties  of,  342 

metals  of,  327 

Clonic,  466 
Alkalimetry,  338 

Alkaline  earths,  properties  of,  830 
Allotropism,  183, 196 
Alloys,  what  are,  826 
Altitudes,  how  measured  by  boiling  point, 

96 
Alum,  861 
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Alam  Iwsketa,  how  prodneed,  46 

reUttoni  to  heat,  74 
Alqip«n^t  361 

■Uieato  of;  363 
Alnminnm,  861 
AmnlgmTnii  defined,  320 
AmalgUDfttloii,  888 
Amber,  478 
Amethjrst,  279 
Ambrotypee,  400 
Ammonia,  840 

carbonate  of,  840 
in  air,  226 
Ammoninm,  339 

chloride  of,  340 
sulphide  o^  842 
Ammoniac,  Sal,  340 
Amorphous  bodies,  what  are?  44 
Amyle,  447 

Analysis,  proximate,  406 
Anhydrous,  meaning  of,  218 
Animal  nutrition,  486 

organization,  483 
Anode  and  cathode,  141 
Antimony,  880 

wine  of,  381 
Aqua  ammonia,  842 

regla,246 
Arahine,  416 
Arbor  satnrni,  160 
Ardent  spirits,  438 
Arga]s,4b2 
Araand  burners,  821 
Artdinm,  167 
Arsenic,  881 

tests  for,  883 
Arsenions  add,  381 
Ashes  of  plants,  478 
Asphaltnm,  412 
Aspirator,  constmetion  of,  227 
Assaying,  894 

Athermanous  snhstaiioe8274 
Atmosphere,  history  of,  228 

pressure  of,  06,  06 
Atom,  chemi«ad  meaning  of,  172 
Atoms,  estimated  size  of,  173 

what  are,  13 
Atomic  theory,  169 

wdgfats,  table  of;  167 
Axes  of  crystals,  62 
Azote,  220 
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Balance,  oonstmctioii  of;  26 

use  of,  28 
Balsams,  473 
Barium,  843 
Barometer  gnage,  108 
Bases  defined,  174 
organic,  4B6 
Basorine,  416 
Battery,  galvanic,  14t 

Bunsen^s,  145 

Daniel*B,  145 

Grovels,  145 

Smee*8, 148 

sulphate  of  copper,  144 

trough,  143 
Bayberry  tallow,  471 


Beanm6,  registration  of;  28 
Beer,  434 

lager,  436 
Bees-waz,  471 
Benzoine,  473 
Benzole,  411 
Bismuth,  380 
Bitumen,  412 
Black,  Joseph,  223 
Bleaching,  history  of,  249 
theory  of,  238 
powder,  246 
Blood,  constitution  of;  490 
Blow-pipe,  322 

ozyhydrogen,  20T 
Blne-piU,  356 
Bodies,  compound,  10 
Boilers,  incrustations  in,  cause  of,  216 

steam,  ooDstmctlon  of,  67 
Boiling,  influence  of  abnosphere  on,  96 
point,  91 

influence  of  adhedon  on,  97 
air  on  water,  97 
Bombs,  asphysjating,  450 
Bones,  composition  of,  4S7 
Bouquet  of  wines,  438 
Boradc  acid,  277 
Borax,  278 
Boron,  276 

Brain  and  nerves,  486 
Brass,  379 
Brandy,  439 
Bread,  440 

making,  441 

stale,  442 

toasted,  442 
Brewing,  process  of;  436, 486 
Bricks,  composition  o^  368 
British  gum,  416 
Britannia  metal,  377 
Brimstone,  258 
Bromine,  266 
Bronze,  879 
Bruda,  456 
Bullion,  what  is,  894 
Burning  fluid,  463 
Butter,  489 
Butyric  add,  429 


Cadmium,  372 
Caldum,344 

chloride  o^  849 
Calico-printing,  460 
Calomel,  386 
Caloric  defined,  66 
Calorimetry,  77 
Camphene,  463 
Camphor,  artificial,  464 
common,  464 
Candle,  diemistry  of,  317,  318 

combustion  of,  318 
Candles,  adamantine,  469 
Capillary  attraction,  14 

iUustrationa  of,  IS,  16 
Caoutehonc,  474 
Caramel,  419 
Carbon,  282 

a  deodorizer,  283 
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Carbon,  U-snlphide  of^  296 
Carbouates,  296 
Carbonic  add,  890 

Bolidificatloa  of,  293 
solvent  properties  of,  292 
Carbonic  oxyd,  296 
Carburetter  hydrogen  (light),  800 

(heavy),  301 
Cartilage,  484 
Case-hardening,  366 
Caseine,  422 
Cassias,  pnrple  of,  393 
Catalysis,  161 
Celestine,  344 
CeU  Ufe,  40T 
Cells,  formatiofTof,  406 

fdze  of,  406 
Cellohir  tissue,  407 
Cellulose,  407 
Cementation  (of  steel),  867 
Cements,  345 

and  mortars,   properties  of,  on 

what  depend,  32 
hydraulic,  346 
Cerates,  471 
Charcoal,  287 

adhesive  action  of,  83 
Cheese,  composition  of,  489 
Chemical  action  a  source  of  heat,  68 

▼hatia,21 
Chemistry  defined,  21 

inorganic,  166 
Chlorate  of  potash,  186 
Chlorates,  properties  of,  247 
Chloric  acid,  247 
ether,  448 
Chlorimetry,  246 
Chlorine,  236 

history  and    preparation,   236, 

236 
and  hydrogen,  248 
compounds  of,  841 
difdnfecting  action  of,  240 
liquid,  237 
perozyd  of,  247 

relations  to  combustion,  837, 238 
solution,  237 
Chloroform,  448 
Chlorophyle,  460 
Chrome  yellow,  869 
Chromium,  363 
Chyle,  493 
Chyme,  493 
Cinchonine,  466 
Cinpabar,  386 

Circuit,  compound  galvanic,  148 
Citric  acid,  462 
Clay,  363 
Cleavage,  66 
Coal,  anthracite,  286 
bituminous,  287 
mineral,  286 
origin  of,  286 
gas,  303 

how  measured,  806 
purified,  804,  306 
Cobalt,  370 
Cochineal,  469 
Cognac,  oil  of,  449 
Cohesion,  14 

and  chemical  action,  29 


Coin,  standard  silver  and  gold,  891 

Coke,  287 

Cold,  greatest  artificial,  60 

how  obtained,  103 
what  is,  67 
Collodion,  408 

process,  in  photography,  400 
Colophony,  471 

Coloring  principles,  organic,  467 
Colors, ''  fast,**  what  are,  458 

of  the  solar  spectrum,  124 
substantive  and  a4jective,  468 
Columbinm,  380 

Combination,  chemical,  cause  of,  158 
Combustibles,  what  are,  318   ' 
Combustion,  189,  307,  812 

and  explosion,  818 
light  of,  316 
products  of,  314 
spontaneous,  189 
Compound  Radicals,  404 
Compounds,  chemioal,  158 

nomendatore    of^ 
176 
Compression  a  source  of  heat,  62 
Concrete,  346 
Condensation  defined,  89 
Conduction  of  heat,  63 

illustrations  of,  63,  64 
Contagion,  431  • 

Convection,  68 

Cooking,  adaptation  of  water  for,  816 
Copper,  377 

acetate  of,  879 
alloys  of,  379 
nitrate  of,  379 
oxyds  of,  378 
sulphate  of,  378 

prevention  from  corrosion  by  sea- 
water,  166 
Copal,  472 
Copperas,  862 
Cordials,  466 
Corrosive  sublimate,  886 
Cotton  fibers,  407 
Cream  of  tartar,  462 
Creosote,  410 
Crocus,  861 
Crops,  rotation  of,  479 
Crystal,  rock,  279 
Crystals,  axes  of,  63 

cleavage  of,  65 

formation  of  in  solid  bodies,  60 
native,  60 

primary  forms  of,  62 
properties  of,  44 
secondary  forms  of,  63 
what  are,  44 
Crystallisation,  44  "** 

circumstances  which  influ- 
ence, 45,  46,  47 
purification   by  means  of, 

47 
theory  of,  63 
water  of,  49 
Crystallography,  62 
Ciyophorus,  the,  108 
CapUlation,  389 
Current,  voltaic,  what  determines  the  di. 

rection  of,  140 
Cyanogen,  296 
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DagaerreotjpeB,  bow  taken  in  Uie  dark,  129 

Daguerreotype  procesa,  398 

Dalton,  Dr.,  originates  the  atomic  tlieory, 

169 
Decay,  424 
Decrepitation,  59 
Deliquescence,  49 
Dew,  formation  ofj^T8 

never  falls,  i'd 

point,  what  is  the,  T3 
Dextrine,  414 
Diamond,  282 

Diamonds,  artificial  formation  of,  884 
form  and  weight  of,  283 

Diastase,  415 

Diathermanoas  bodies,  74 
Diffdsion  of  gases,  39 
Digester,  Maroet's,  106 
Digestion,  492 
Dimorphism,  6i 
Disease,  occasion  of,  433 
Distillation,  99 
Dob«reiner's  lamp,  206 
Donarinm,  167 
Drummond  light,  207 
Drying  and  distillation,  100 
Dye  Btoffi,  453 


E 

Earths,  alkaline,  843 

metals  of,  350 
Earthenware,  358 
Ebullition,  conditions  of,  94 

defined,  91 
Efflorescence,  49 
Elasticity,  17 
Electricity  a  source  of  heat,  62 

and  chemical  action,  131 
conductors   and  non-conductors 

of;  133 
fundamental  law  of,  132 
nature  of,  130 
ordinary  and  galvanic,  cbarao- 

terlBtics  of,  146 
positive  and  negative,  182 
quantity  and  intensity  of,  146 
two  conditions  of,  131 
velocity  of,  134 
voltaic,  134 
Electrolysis  and  electrolytes,  150 
Electro-chemical  decomposition,  148 

theory  of, 
148 
metallurgy,  152 
^       plating  and  gilding,  153 
Electrodes,  explanation  of,  148 
Element,  chemical,  156 
Elements,  classification  of,  157 

electro-chemical,  order  of,  151 

positive  and  negative,  137 
metallic,  324 
natural  condition  of,  157 
nomenclature  of,  176 
number  of,  9 
table  of,  167 
Emery,  composition  of,  351 
Enamel,  357 


Endosmosis  defined,  86 

illustrations  of,  37 
Endounotic  action,  influence  of^  38 

force,  38 
English  system  of  weights,  24 
Epsom  salts,  350 
Eremacansis,  425 

Equivalent  proportions,  law  of,  164 
Equivalents,   chemical,  practical    illnstniF 
tions  of  the  ose  of,  168 
scale  of,  166 
Essences,  461 
Essential  oils,  461 
Ether,  443 

a  form  of  matter,  19 
chloric,  443 
nitrous,  444 
oenanthic,  438 
sulphuric,  443 
varieties  of,  444 
Ethyle,  443 
Eudiometer,  209 
Eupion,  410 

Evaporation,  conditions  of,  91 
defined,  91 
freezing  by,  103 
Expansion  by  heat,  force  of,  79 

theory  of,  77 
Extracts,  fruit,  449 


Fallowing,  480 
Fats,  466 
Fermentation,  427 

•  acetous,  428 
alcoholic,  4:28 
viscous,  4i;9 
Fibrine,  483 
Figures,  sensitive,  93 
Filters,  formation  of,  86 
Filtrate,  what  is  a,  36 
Filtration,  cause  of,  35 
Fire,  theory  of  the  ancients  concerning,  307 
annihilators,  291 
damp,  300 
Fixed  oils,  405 
Flax  fibers,  407 
Flame,  59 

blow-pipe,  323 
oxydizing  and  reducing,  323 
structure  of,  318 
Flannels,  why  used  as  protection  against  ex» 

treme  temperatures,  66  * 

Flint,  what  is,  279 
Fluidity  an  efiect  of  heat,  87 
Fluorine,  256 
Fluor-spar,  ?56 
Flux,  definition  of,  278 
Food,  nature  and  functions  of,  498 
Force  converted  into  heat,  61 
definition  of,  12 
indestructible,  19,  20 
varieties,  13 
Forces,  classification  of,  20 
molecular,  13 
natural,  12 
Forests,  influence  of  on  evaporation,  92 
Formic  acid,  447 
Formyle,  448 
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FoirlHr'a  jolntictn,  888 
Freezib^  jnixAiruB,  103, 108 
French  system  cf  weights  )at 
Friction,  cause  of,  82 

heat  produced  by,  dt 
Frost,  73 
Fnel,  economy  of,  67 

how  saved  in  culinary  opttioiocc,  101 
FuUer's  earth,  854 
Furnace,  reverberatory,  837 
Fusel  oil,  448 


O 


Galena,  873 
GaUio  acid,  454 
Galls,  nut,  462 
Galvanic  circuit,  139 

theory  of,  139 
current,  resistances  to,  \to 
Galvanism,  184 

how  discovered,  135 
Garandne,  459 
Garlic,  artificial  oil  of,  450 
Gas  carbon,  286 

how  differs  from  a  vapor,  89 
illuminating,  802 
"laughing,^' 232 
meter,  construction  of,  806 
origin  of  the  term,  223 
Gases,  absorption  of  by  water,  113 
conduction  of  heat  in,  65 
diffusion  of,  39 
endosmotic  action  of,  39 
expansion  of  by  heat,  81 
how  heated,  69 
liquefaction  of.  111 
management  of,  190 
what  are,  18 
Gasometers,  198 
Gauge,  steam,  108 
Gelatine,  484 

Germination,  conditionB  of,  434 
Gin,  439 

Ghws  and  pottery,  355 
colored,  ;57 
crown,  S55 
dint,  856 
soluble,  280 
Glauber  salts,  3^6 
Glow-worms,  114 
Glucose,  419 
Glue,  484 
Gluten,  423 
Glycerine,  467,  470 
GlycoeoU,  485 
Gold,  392 

compounds  of,  898 
fine,  894 
fulminating,  893 
leaf,  894 
Grain  weight,  how  originated,  24 
Gramme,  value  of,  25 
Graphite,  285 
Gravitation,  12 

Gravity  and  chemical  phenomena,  22 
Guano,  480 
Gum,  416 

Arabic,  416 
Senegal,  416 


Gum  tragacanth,  416 

guiacum,  472 

resins,  473 
Gums,  elaBtiCjJk74 
Gun-cotton,  407 

powder,  833 

expansive  force  of,  883 
how  manufactured^  833 
Gutta-percha,  475 
Gypsum,  348 


n 

Hair,  composition  of,  486 

dyes,  454 
Haloid  salts,  179 
Hardness,  how  measured,  81 

scale  of,  31 
Hartshorn,  340 

Hayes,  Dr.,  on  air  in  sea-water,  317 
Heat,  absorption  of,  72 

amount  transmitted  to  the  earth  by 

the  sun,  70 
analysis  of,  127 
and  chemical  action,  56 
and  cold,  extremes  of,  produce  similar 

sensations,  57 
apparent  effects  of,  .77 
capacity  for,  76 
communication  of,  63 
diffusion  of,  57 

disappearance  of  in  liquefaction,  100 

vaporization,  101 
distinguishing  characteristics  of,  56 
effects  produced  by  the  absorption  of 

102 
evolved  by  combustion,  813 
imponderable,  57 
latent,  56, 150 

how  converted  into  sensible, 
114 
measurement,  theory  of,  83 
produced  by  chemical  action,  63 
radiant,  disposition  of,  71 
ratio  between  sensible  and  latent,  110 
reflection  of,  71  • 

refraction  of,  127, 128 
sources  of,  60 
specific,  76 

standard  for  comparing,  75 
variations  of,  76 
of  atoms,  172 
theory  of,  58 

mechanical,  58 
vibratory,  58 
transmission  of,  74 
two  conditions  of,  56 
unit  of,  61 

universal  influence  of,  76 
Hematite,  361 
Homy  matter,  486 
Humus,  425 

Hydrate,  what  is  an,  214 
Hydrochloric  acid,  242 
Hydrofluoric  add,  257 
Hydrogen,  199 

chemical  characteristics  of,  208 
combustion  of,  203 
explosive  compounds  of,  204 
peroxyd  of,  218 
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Hydrogen,  phospburofcted,  275 
Beleniuretted,  '268 
solphuretted,  266 
Hydrometer,  liS 
Uydrosulphuric  acid,  266 

practical  valae  of,  29 
Hygrometer,  Daniel's,  W 

hair,  98 
Hygrometers,  principle  and  constructloo  of, 

93 
Ilypochloroos  acid,  245 
Hyposulphites,  266 


Ice,  heat  required  to  melt,  101 

inflaence  of  wind  on  the  formation  of, 

92 
of  salt-water,  why  fresh,  43 
cream,  how  frozen,  103 
Iceland  spar,  properties  of,  119 
IgniH  fata  us,  276 
Illumination,  materials  for,  817 
Ilmenium,  B80 
Incandescence,  69 
Incense,  473 
India-rubber,  474 
Indigo,  459 
Inertia  defined,  11 
Ink,  blue,  298 

printer's,  406 

why  docs  not  spread  on  sized  paper,  36 
spots,  removal  of,  451 
Inks,  composition  of,  453 

sympathetic,  S70 
Insulation,  133 
Iodine,  253 

distiQctive  test  for,  256 
Iridium,  396 
Iron,  360 

cast,  862 

galvanized,  371, 156 
In  the  blood,  4$)1  y 

maUeable,  364,  366 
ores  of,  361 
oxyds  of,  300 
pyrites,  362 
specular,  861     ' 
sulphuret,  362 
tenacity  of,  325 
wrought,  864 

why  adapted  for  castmgs,  49 
Isinglass,  484 

Isomerism,  183  ^  ^«« 

two  conditions  of,  183 

Isomorpliism,  54 

examples  of,  852 


Jelly,  calves'  foot,  484 
Joule's  experiments  on  heat,  61 


Kakodyle,  460 
Kyanizing,  387 


Lac,  472 

Lacteals,  491 

Lactic  acid,  429 

LacUne,  420 

Lager  beer,  436 

Lamp,  Berzelius'  spirit,  329 

Dobereiner's,  206 

safety,  320 

wicks,  why  not  overflow,  36 
Lamp-black,  288 
Lamps,  Argand,  321 
Lard,  composition  of,  470 

use  of  steam  in  manufacturing,  110 
Laudanum,  456 
Lavoisier,  310,  311 

Lead,  372  ^^ 

action  of  on  water,  ala 

alloys  of,  375 

carbonate  of,  374 

chromate  of,  369 

sulphate  of,  375 

white,  374 
Lead  pencils,  how  made,  286 
Lead  tree,  160 

Leather,  453  ^        ^         ^  » 

smell  of,  when  burned,  caofie  of, 

222 
Lettuce,  active  principle  of,  456 
Light,  action  of  on  chlorine  and  hydrogen, 

238 
matter,  116 
and  heat,  relations  of,  59, 128 
artificial,  requisites  for  the  produc- 
tion of,  320 
corpuscular  theory  of,  113 
degradation  of,  129 
decomposition  of  124 
divergence  of,  116 
Drummond,  207 
electric,  114  .       -««. 

Influence  of  on  vegetation,  130 
in  its  chemical  relations,  112 
law  of  diminution  of,  116 
magnetization  of,  124 
most  intense  artificial,  114 

nature  of,  112 
polarization  of,  120 

how  explained,  121 
polarized,  beautiful  phenomena  of, 
123 
how  discovered,  122 
practical  applicationB  of^ 

122 
properties  of,  121 
properties  of,  116 
propagation  of,  115 
reflection  of,  117 
refraction  of,  118 

solar,  calorific  and  chemical  elements 
of,  126 
three  principles  contained  in, 
126 
sources  of,  113 
velocity  of,  116 
undulatory  theory  of,  113 
Lignine,  409 
lime,  344 

carbonate  of,  346 
-caustic,  344 
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Lime,  chloride  of,  246 
gas,  849 

hTposalphite  oj,  349 
slacked,  345 
sulphate  of,  348 
superphosphate  of,  270 
Linseed  oil,  466 
Liquefaction  defined,  89 
Liquids,  cohesion  of,  how  shown,  80 
conduction  of  heat  iu,  65 
expansion  of,  by  heat,  60 
how  cooled,  81 
limpid,  3U 
temperature  of  in  the  spheroidal 

state,  98 
vapor  produced  by  different,  110 
viscous,  30 
what  are,  18 
Liquors,  artificial,  443 
Litharge,  374 
Lithium,  339 
Litmus,  175,  460 
Loam,  354 

Locomotive  boilers,  construction  of,  67 
Luminosity  defined,  117 
Lunar  caustic,  390 
Lungs,  structure  and  use  of,  494 


M 


Madder,  459 
Magnesia,  850 

carbonate  of,  850 
sulphate  of,  850 
Magnesium,  3^ 
Malleable  iron  castings,  365 
MaUc  acid,  452 
Malt,  435 
Manganese,  367 
Manures,  ^0 

animal,  480 
mineral,  481 
vegetable,  431 
Margarine,  466 
Marl,  354 
Marsh-gas,  300 
Mastic,  472 

Matches,  272  ' 

M'^tter  defined,  9 

divisibUity  of,  10 
ethereal  condition  of,  19 
indestructible,  19 
properties  of,  21 
three  forms  of,  17 
Meat,  diseased,  433 
Meats,  method  of  preserving,  439 
Mechanical  actiun  a  source  of  heat,  61 
Mercaptans,  449 
Mercury,  385 

alloys  of,  387 
chlorides  of,  386 
nitrates  of,  387 
sulphide  of,  387 
fulminating,  300 
Metal,  fusible,  326 
Metalloids,  characteristics  of,  184 

enumeration  of,  184 
Metals,  action  of  nitric  acid  upon,  231 
classification  of,  327 
good  conductors  of  heat,  64 


Metals,  noble,  385 

of  the  alkalies,  327 

oxydation  of,  188 

properties  of,  325 

protection  from  corrosion  by  gal- 
vanic agency,  154 

transmutation  of,  modem  views  of, 
157 

strength  of,  how  affected  by  vibra- 
tions, 51 
Meteors,  composition  of,  185 
Meter,  gas,  construction  of,  806 
Meter,  what  is  a,  25 
Methyle,  436 
Miasm,  481 
MUdew,  432 
Milk,  488 

swiU,  439 
Mines,  extinguishment  of  fires  in,  291 
Minium,  374 

Moistening  a  source  of  heat,  63 
MolasseH,  418 
Molecules  defined,  10 
Molybdenum,  380 
^orphia,  455 
Mortars,  345 
Mother  liquor,  48 
Mucilage,  416 
Muntz  metal,  879 
Muriates,  242 
Music,  how  connected  with  the  composition 

of  the  atmosphere,  226 
Musical  tones  of  burning  hydi'ogen,  206 


N 

Naphtha,  412 
NaphtaUne,  411 
Nascent  state,  162 
Natural  philosophy,  20 
Neutral  bodies,  175 
Nickel,  870 
Niobium,  380 
Niter,  331 

sweet  spirits  of,  444 
Nitrates,  231 
Nitric  acid,  chemical  action  of,  230 

history,  properties,  and  prepa- 
ration, 228,  229 
Nitrogen  and  oxygen,  jcompounds  of,  227 

chloride  of,  248 

deutoxyd  of,  233 

history  of,  220 

instability  of,  in  composition,  221 

iodide  of,  221 

origin  of,  in  plants,  220 

preparation  and  properties  of,  228 

protoxyd  of,  231 

use  of,  in  the  atmosphere,  225 
Nitro-benzole,  411 

Nomenclature,  chemical,  origin  of,  176 
Nordhausen  sulphuric  acid,  264 
Norium,  167 
Nutrition,  492 
Nux  vomica,  456 


Ocean  currents.  Influence  and  cause  of,  69 
Ochres,  354 
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OdorSf  danlfieaUon  of,  465 
OU,  "  coup,"  411 
fusel,  448 
linwed,  4G6 
pine,  472 
Seneca,  419 
Oils,  drying,  466 

empyreumatie,  465 
fixed,  466 
mineral,  413 
unctuous,  466 
ToUtUe,  461 
Olefiant  gas,  801 
Olelne,  4B6 
Opium,  456 
Organic  chemistry,  401 

bodies,  nature  of,  401 
substances,  origin  of,  408 
structure,  405 
Osmium,  S9G 
Oxalates,  451 
Oxalic  add,  451 
Oxyd  defined,  176 
Oxygen,  184 

actlre  and  pasdve  oonditions  of, 

193 
and  respiration,  191 
daily  consumption  of,  196 
in  combination,  192 
magnetism  of,  193 
Osone,  193 

physiological  influence  of,  196 


Palladium,  896 

Palm  oU,  471 

Paper,  408 

touch-,  881 

Paradox,  culinary,  96 

Paraflne,  411 

Parchment,  artificial,  403 

Parian,  359 

Pearlash,  830 

Peat,  436 

Pectine,  416 

Pelopium,  880 

Pepslne,  498 

Percussion  a  aonrce  of  heat,  63 
caps,  800 

Perspiration  and  evaporation,  influence  of, 
on  animal  beat,  104 

PetrifactlonB,  394 

Petrolium,  418 

Pewter,  377 

Pyrometer,  DanieVs,  88 

I^rometers,  construction  of,  87,  88 

Phlogistic  theory,  807 

Phlogiston,  807 

Phosphorescence,  114 

Phosphoric  acid,  274 

glacial,  274 

Phosphorus,  269 

allotropic,  or  amorphous,  273 
combustion  of,  in  oxygen,  191 
influence  of,  upon  iron,  S65 

Phosphnretted  hydrogen,  275 

Photographa  in  colors,  409 

on  what  principle  formed,  129 
paper,  399 


Photography,  307 
Physics  defined,  20 
Physiology,  what  is,  30 
Pig-iron,  364 
Pile,  voltaic,  136 

Zambonl*s  dry,  138 
Pitch,  410 
Planetary  spaces,  estimated  temperaton  of^ 

60 
Plants,  action  of,  on  the  atmosphere,  478 
contain  nitrogen,  2*i0 
contents  of  the  cells  of,  413 
essential  immediate  principles  of^ 

405 
evolve  oxygen,  168 
mineral  constituents  of,  475 
nutrition  and  growth  of,  475 
Plaster  of  Paris,  848 

a  non-conductor  of  heat,  67 
Plating.  391 
Platinum,  395 

adhesive  action  of,  34 
sponge,  effects  of,  205 
Plumbago,  286 
Poison,  "  Woorara,"  456 
Poisons,  430 

Polarization  of  li^ht,  120 
Poles  of  a  galvanic  battery,  141 
Pomatums,  463 
Porcelain,  359 
Pores,  11 

of  leaves,  476 
Porosity,  what  is,  11 
Potassa  (potash),  329 

carbonate  of,  330 
chlorate  of,  186,  247 
caustic,  829 
chromate  of,  369 
iodide  (hydrlodate)  of,2S5 
nitrate  of,  331 
prussiate  of^  297 
sulphate  of,  351 
Potassium,  827 

cyanide  of,  398 
ferrocyanide  of,  897 
ferridcyanlde  of,  298 
Precipitation  defined,  43 

how  effected,  42,  43 
PreAnce,  **  action  of,"  162 
Proof  spirit,  439 
Proteine,  422 
Proximate  principles,  405 
Prussian  blue,  296,  297 
Prussic  acid,  298 
Puddling,  864 
Pulse-gUss,  96 

Pulverization,  effect  of,  on  adhesion,  33 
Purification  by  crystallization,  47 
Putrefaction,  4*15 
Putty,  466 
Pyrites,  iron,  363 
Pyroligneous  acid,  410 
Pyroxyllne,  407 
PytaUne,  492 


Quartation,  assaying  by,  394 
Quiaine,  466 
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Badiation,  69 

influenoe  of  color  on,  70 
influence  of  surface  on,  70 

Radiators,  good  and  bad,  70 

Kadical,  chemical,  179 

Radicals,  compound,  296 

Reactions  and  reagents,  181 

Rectification,  99 

Red  colors,  459 

precipitate,  386 

Refraction,  double,  119 
of  light,  119 

Refrigerators,  principle  of  construction  of, 
66,67 

Repulsion,  16 

illustrationB  of  the  force  of,  17 

Resins,  471 

Respiration,  495-496 

uses  of,  496 

Rhodium,  896 

River-water,  purity  of,  213 

Rochelle  salts,  452 

Roman  cement,  846 

Rosin,  471 

Rouge,  361 

Rubber,  vulcanized,  474 

Ruby,  composition  of,  851 

Rupert's  drops,  857 

Russia  sheet-iron,  865 

Ruthenium,  396 

Rum,  439 


S 


Safety-lamp,  Davy's,  820 
Saline  spriogs,  213 
Saliva,  492 
Sal  ammoniac,  840 

soda,  336 
Saleratus,  831 
Salinometer  explained,  95 
Salted  meats,  use  of,  as  food,  C03 
Saltpeter,  331 

not  explosive,  831 
Salt  an  antiseptic,  500 
common,  834 
rock,  834 

relations  to  heat,  74 
Salts,  classification  of,  178 
defined,  174 
haloid,  179 
of  sorrel,  451 
Sandstone,  what  is,  279 
Sap  of  plants,  what  is,  412 
Saturation  of  liquids,  41 
Sausages,  poisonous,  432 
Scagliola,  349 

Sua,  **  phosphorescence"  of,  115 
transparency  of,  212 
waters,  composition  of,  214 
Sealing-wax,  472 
Selenium,  268 
Serpentine,  849 

Sheet-iron,  Russia,  how  made,  865 
Shellac,  472 
Shot,  876 
Silica,  279 
Silicon,  or  Silidum,  279 


22 


Silicon,  fluoride  of,  281 
Silver,  388 

chloride  of,  891 
fulminate  of,  800 
nitrate  of,  890 
oxyds  of,  389 
Silvering,  391,  392 
Sizing,  Ik 

Skin,  composition  of,  485 
Slag,  363 
Smalt,  370 

Smelting  of  iron,  863 
Snow,  crystals  of,  45 

line  of  perpetual,  76 
protecting  influence  of,  66 
Soaps,  467 
Soapstone,  849 
Soda-ash,  336 
3oda,  biborate,  278 

carbonate  of,  336 
caustic,  334 
nitrate  of,  888 
sulphate  of,  336 
powders,  452        * 
water,  what  is,  293 
Sodium,  333 

chloride  of,  384 
Soils,  origin  of,  478 
Solids,  conduction  of  heat  in,  64 
expansion  of,  by  heat,  78 

in  crystallizing,  43 
variation  of  cohesion  in,  31 
what  are,  17 
Solution  and  chemical  combination,  43 

defined,  41 
Soot,  287 
Soup,  why  rgitains  heat  longer  than  water, 

68 
Spar,  heavy,  843 

Derbyshire,  256 
Specific,  heat,  172 
gravity,  26 

of  gases,  how  determined, 

29 
of  solids  and  liquids,  27 
Spectrum,  solar,  125 

fixed  lines  in,  126 
Spheroidal  state,  68 
Spirits  of  wine,  439 
Spring,  air  of,  why  chilly,  104 
Springs,  mineral,  213 
saline,  m 
thermal,  213 
Stalactites,  347 
Stalagmites,  347 
Starch,  413 

Stars,  fixed,  light  of,  125 
Steam,  curious  experiments  on,  109 
expansive  force  of,  106 
high-pressure,  109 
invisible,  90 
latent  heat  of,  101 
pressure  of,  when  formed  in  open 

air,  106 
pressure,  varying  conditions  of,  108 
relation  between  temperature   and 

pressure  of,  107 
rule  governing  the  elasticity  uf,  106 
super-heated,  110 
why  adapted  for  cooking,  105 
Stearine,  466 
* 
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Steel,  865 
Strontium,  844 
Strychnia,  466 
Stacoo,  849 
SablimatioD,  00 
Substances,  simple,  9 
Substltu'ion,  lair  ol^  166 
Sugar,  417 

cane,  41T 

gmpe,  419 

manna,  420 

milk,  490 

refining,  418 

baUing,97 

of  lead,  447 
Sulphates  defined,  178 
Sulphides  defined,  178 
Sulphites  defined,  178 
Sulphur,  868 

aUotroplsmof,269 
flowers  of,  268 
milk  of,  260 
oils  containing,  464 
alcohols,  449 
Sulphuretted  hydrogen,  266 
Sulphuric  acid,  '262 
Sulphurous  acid,  260 
Surfiftoe  action,  SB 
Sun,  character  of  the  light-giving  snbstaooe 

of,  122 
the,  a  source  of  heat,  60 
Symbols,  chemical,  179,  18J 
Sympathetic  Inks,  870 
Syrup,  **  sugar-house,^*  418 


Tale,  849 

Tallow,  470 

Talbotype,  899 

Tannic  acid,  462 

Tannin,  462 

Tar,  coal,  411 
wood,  410 

Tartar,  crude,  463 
emetic,  881 

Tartaric  acid,  462 

TeUurium,  268 

Temperature  defined,  67 

greatest  natural,  60 

Tension,  electricity,  146 
of  vajpors,  106 

Test  papers,  175 
tubes,  185 

Thermometer,  air,  87 

BregneCs,  86 
Centigrade,  84 
differential,  86 
Fahrenheit^  87 
mercurial,  83 
metallic,  86 
Reaumur's,  84 
self-registering,  85 
spirit,  87 
what  it  inform'  ns  of,  88 

Tides,  motion  of,  a  source  of  heat,  62 

Tin,  876 

plate,  377 

Tinctures,  what  are,  440 

Titanium,  £80 


Trough,  pneumatic,  196 
Tungsten,  380 
Turpentiue,  crude,  463 

oil,  or  spirits  of,  464 
Twaddell*s  hydrometer,  28 
Type-metal,  376 


Ultramarine,  864 
Uranium,  380 
Urea,  497 
Urine,  what  is,  407 


Vacuo,  boiling  in,  97 

Valerian,  449 

Vanadium,  380 

Vaporization  defined,  89 

Vapors,  comparative  volume  of^  90 

density  of,  91 

diffusion  of,  40 

elastic  force  of,  105 

expansion  of,  by  heat,  81 

form  at  all  temperatures,  90 

how  heated,  60 

invisible,  90  • 

when  cease  to  expand,  106 
Varnish,  473 
Vegetable  acids,  460 

extracts,  457 
Vegetation,  influence  of  Ught  on,  130 
Verdigris,  879,  447 
Vemdlion,  387 
Vinegar,  446 

wood,  446 
Vitriol,  blue,  878 

green,  362 

white,  872 
VoUtile  bodies,  89 
Volumes,  equivalent,  168 


W 


Washing  fluids,  469 
Water,  action  of,  on  lead,  873 
air  in,  216 

coloration  of  vast  bodies  of,  212 
composition  o^  209 

how  proved,  209 
decomposition  of,  148 

by  heat,  200 
heat  produced  in,  by  friction,  61 
history  of,  210 
how  heated,  68 
of  crystaUiaation,  49 
properties  of,  211 
salt,  freezing  point  of,  81 
solvent  properties  of,  21T 
when  attains  its  greatest  density,  81 
when  basic,  218 
when  increases  the  intensitv  of  a 

fire,  201 
unequal  expansion  of,  80 
Waters,  comparative  purity  of,  218 
hard  and  soft,  216 
medicated,  462 
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Waten,  relative  fltoewi  for  nse,  214 

spring,  oomparative  purity  of^  212 
Wax,  471 

shoemaker^B,  472 
Weight,  abBolate,  26 

defined,  13 

compared  with  bulk,  26 

specific,  26 
Weights,  French  and  English,  24,  26 

two  great  systems  of,  23 
Welding,  326 

Wheat,  composition  of,  441 
Wind,  influence  of,  on  evaporation,  92 
Winds,  how  produced,  69 
Wines,  437 
Wood,  carbonization  of,  by  steam,  110 

destructive  distillation  of,  409 
Wool,  structure  of,  486 


Woolens,  why  adapted  for  clothing,  66 

Wort,  436 

Woulfe's  apparatus,  244 


Yeast,  427 

powders,  442 
Yellow  dyes,  460 


Zinc,  871 

sulphate  of,  872 
white,  872 
amalgamation  of,  143 


Ijl   FINIS. 


IrUon,  Slaketnan,  Taylor  d:  Co»  V  Thcblicaiions. 


SPENCERIAN  PENMANSHIP. 


The  New  Standard  Edition  of  the 

SPENCERIAN     COPY-BOOKS, 

Revised,  Improved,  and  Newly  Enlarged,  in  Four  distinct  Series. 

COMMON   SCHOOL  SERIES.    Nos.  i,  3,  3,  4.  and  5. 
BUSINESS   SERIES.    Nos.6and7. 

LADIES'   SERIES.    Nos.8and9. 

EXERCISE  SERIES.    Nos.  10,  xi,  and  la. 

The  particular  points  of  excellence  claimed  are 
SIMPLICITY^  PRACTICABILITY^  BEAUTY, 

»•♦——— 


SPMCEBIAS  CHARTS  OF  WRITIUa  AND  .DRAWING. 

Six  in  Number.    Size,  34  by  30  inches. 

COMPENDIUM  OF  THE  SPENCERIAN  SYSTEM. 
SPENCERIAN    KEY    TO    PRACTICAL    PENMANSHIP. 

BRiANJ  d  STRATTOH'S  BOOK-KEEPING  SERIES. 

This  complete  and  standard  series  deservedly  stands  at  the  head  of  all  similar 
works  on  the  subject 

COMMON  SCHOOL  BOOK-KEEPING.    HIGH  SCHOOL  BOOK-KEEPING. 

COUNTING-HOUSE  BOOK-KEEPING. 


-♦•♦- 


SPEJ\rCEBIAJ^  STEEL   PEJVS. 

Fourteen  Numbers^  differing  in  flexibility  and  fineness,  adapted  to  every  stylt 
of  writing. 

Their  Superiority  acknowledged  by  all  Penmen. 

For  sale  by  all  first-class  Stationers. 

^^  Sample  Card^  artistically  arranged  and  securely  enclosed,  sent  by  mail  upon 
receipt  of  Twenty-five  cents. 

TOWNSEND'S   ANALYSES. 

Analysis  of  Civil  Government. — Includinp^  a  Critical  and  Tabular  Analysis  of  the 
Constitution  of  the  United  States,  with  Annotations,  &c.  ;  designed  for  use  in 
Grammar,  High  and  Normal'  Schools,  Academies,  and  other  Institutions  of  learn- 
ing.   In  cloth,  i3mo.    340  pages. 

The  Analysis  of  the  Constitution.^^  Chart  of  25  pages,  15  x  so  inches  each,  is  aa  in- 
valuable  accompaniment  to  the  above  work. 


■♦♦^ 


RE^DINQ   AND   ELOCUTION. 

BY  ANNA  T.  RANDALL. 

A  new  and  popular  work,  designed  to  be  used  independently,  or  with  any  Series 
of  Readers. 


•♦♦«- 


HUNT'S  LITERATURE  OF  THE  ENGLISH  LANGUAGE. 

By  E.  hunt. 

A  new  work,  just  published,  based  upon  an  original  and  practical  plan.  It  com- 
prises representative  selections  from  the  best  authors,  also  list  of  contemporaneous 
writers  and  their  principal  works. 


Ivison,  SlaJbeman,  Taylor  S  Co.  's  S*ubHeatiens. 


WOODBURY'S  GERMAN  COURSE. 

Founded  on  dmllBT  principles  with  Fasquelle's  system. 


'i  New  Method  wiih  il 


Woodiury' 1  Elemenlary  Germaai  Ri 


■>  Synthetic  Getman  Grai 


]  English  Primer. 

_joelic  Speller. 

Mta^&f  SandiTs'  Geimaii  Speller  and 


«  b-  S^Kdtr^  Phooei 


PROOBESSIVE  SPANISH  READERS. 


Spencer's  Greek  PrBiis. 


ir^ry  Greelc  Grammar, 
vf  pTimiuy  book. 


Bv  Gbo.  B.  Loouis. 


SWINTON'S  CONDENSED  U.  S.  HISTORY;  constructed  for  definite  results 

in  redUtion,  ud  containing  a  new  method  of  topicil  reviews.   Fully illusliated. 

SWINTON'S   WORD-ANALYSIS;    a  graded  class  book  of  English  derivatlire 

■-  -  ■"■ "     1  eierciscs  in  SpeUlng,  Analyiing,  Defining,  Synonyms, 


•nd  the  use  of  Words, 
THE  SPENCERIAN   DRAWING   BOOKS;    an  elemenlary  and  progressivo 

Series  in  Sii  books.     Two  books  ready. 
ELIOT  AND  S'fORER'S   ABRIDGMENT;    on  abridgment  of  The  Inorganic 

Chemistry. 
CATHCARTS  PRIMARY  SPEAKER ;  suited  to  the  requirements  of  ComiDoa 

Schools. 
TOWNSBND'S  COMMERCIAL  LAW, 


»-  THE  ILLUSTRATED   CATALOGUE,  descriptive 

Educational  Sbhibs  of  School  akd  Coli-bok  Text-Bo«b6.  anr 
RfiroRTEJl,  a  handsome  publication  full  of  useful  information,  mi 


of  Thh 


a    Educa 


IVISOX,  BLAKEHAN,  TAYLOR  &  CO., 


PUBLISHERS, 


:^ 


